Synthesis of cumulated and conjugated trienes, polyenes and related natural products. by Cao, Xiao-Ping. & Chinese University of Hong Kong Graduate School. Division of Chemistry.
SYNTHESIS OF CUMULATED AND 
CONJUGATED TRIENES, POLYENES AND 
RELATED NATURAL PRODUCTS 
_z ' i : , r > > ^ 
/ . ::，.'.:.「、4^ ^ :, "• '.• \>A;.\ 
J -.. ••'. .^. \ % 
'•-'• •• • •!、、 X4- ,^ 
. • . • “ … - — ‘ 一 r * ,\ 
\ 4. 
’.,！ i . ”：1 
: -• 、 」； ,.:f • —«”... ’、'i '—• -^-»"^—^  ^  , . ., ^M \ ' :〜{) /： / :.、 ,'、、、：/ 
V ; . ) 、 ? 〜 ” . : : 4 ,等 
T5_, \^y '：：• z- '、 ,y 
By ^ : ^ _ ^ > > ^ 
Xiao-Ping Cao 
A thesis submitted in partial Mfilment of 
the requirement for the degree of 
Doctor of Philosophy 
in The Chinese University of Hong Kong 
(1996) 
Thesis Committee: 
Dr. Hak-Fun Chow 
Dr. Tze-Lock Chan 
Dr. Kin-Shing Chan 
Dr. Henry N. C. Wong (Chairperson) 
Prof. Kung K. Wang (Extemal Examiner) 
Dr. K. F. Cheng (Additional Extemal Examiner) 
f 
X ^ ^ ^ \ 
b f i d i i ^ ^ 
[ p 0 9 • m j i | 
> & ； ” » ! T Y _]扇 




I wish to express my deepest gratitude to my supervisor. Dr. Hak-Fun Chow, for 
his invaluable guidance and stimulating teaching, and for his continuous enthusiasm and 
encouragement throughout the course of this investigation and the preparation of this 
thesis. 
I am also very grateful to Dr. Tze-Lock Chan, whose kind and tireless teaching 
and encouragement has benefited me greatly ever since I came to CUHK. I am indebted 
to Dr. Men-Kit Leung for the advice and help he gave in the course of the research 
program. 
Warm thanks are also given to the other members of Dr. Chow's group and Dr. 
Chan's group, past and present, who have created such an enjoyable environment to work 
• in. 
I also wants to thank Messrs. Yiu-Hung Law, Kwok-Wai Kwong for their 
assistance in measurement of the mass spectra and some of NMR spectra. 
The financial support from the Research Grants Council, HK is gratefully 
acknowledgement. 
Finally, I owe heartfelt thanks to my husband，Qiulin, for his constant 
understanding, support and encouragement. 
March, 1996 
Xiao-Ping Cao 
Department of Chemistry 





Contents i i 
List of Schemes iv 
List ofTables and Figures v 
List ofSpectra vi 
Abstract i^ 
Chapter 1. Introduction 1 
Chapter 2. 1^,3-Butatrienes 
2.1. Preparation of 1,2,3-Butatrienes 4 
2.2. OurSynthetic Approach 9 
2.3. Results and Discussion 10 
Chapter 3. 1,3,5-Hexatrienes 
3.1. Preparation of 1,3,5-Hexatrienes 16 
3.2. Results and Discussion 
3.2.1. Preparation ofHexatrienes Using 
the Ramberg-Backlund Reaction 24 
3.2.2. Preparation of Stereoisomerically Pure 
Diallylic Sulfides and Sulfones 29 
3.2.3. The Stereochemistry of the Ramberg-Backiund 
Rearrangement of Diallylic Sulfones 34 
3.2.4. Effect of Solvent and Temperature on the Stereochemistry 
of the Newly Formed Double Bond 38 
3.2.5. Total Synthesis of Galbanolenes 39 . 
I 
i i 
3.3. Conclusions 41 
Chapter 4. Enediynes 
4.1. Preparation of 3-Ene-l,5-diynes 42 
4.2. Results and Discussion 48 
Chapter 5. 13,5,7-Octatetraenes 
5.1. Preparation of 1,3,5,7-Octatetraenes 53 
5.2. Preparation of l,3,5,7-Octatetraenes Using 
the Ramberg-Backlund Reaction 57 
Experimental 64 
References 119 




LIST OF SCHEMES 
Page 
Scheme 1. Synthesis of l,2,3-butatrienes 35 via fluoride-induced 1,4-elimination •.…10 
Scheme 2. Synthesis of 1,3,5-hexatrienes 112 via Ramberg-Backlund reaction 29 
Scheme 3. Total synthesis of natural product Galhanolenes 122 and 123 40 
Scheme 4. Synthesis of enediynes 164 via Ramberg-Backlund reaction 48 




LIST OF TABLES AND FIGURES 
Tables 
Page 
Table 1. Yields (%) of alcohols 33，acetates 34 and l,2,3-butatrienes 35 11-12 
Table 2. Yields (%) of sulfides 110 and sulfones 111 30-31 
Table 3. Olefinic coupling constants (VcH=CH) ^ d yields (%) of 
substituted 1,3,5-hexatrienes 112 35 
Table 4. Effect of solvent and temperature on the stereoselectivity of the Ramberg-
Backlund rearrangement of di-(Z)-cinammyl sulfone l l l j 38 
Table 5. Yields (%) of sulfides 162，sulfones 163 and enediynes 164 50 
Table 6. Yields (%) of sulfides 210，sulfones 211 and octatetraene 212 61 
Figures 
Figure 1. lH and 13c NMR spectra of 5,5-dimethyl-1 -phenyl-1,2,3-hexatriene 35g ... 14 
Figure 2. lH and 13c NMR spectra of the stereoisomeric sulfides 110h, i and j 32 
Figure 3. ^H and ^^C NMR spectra of the stereoisomeric sulfones l l l h , i and j 33 
Figure 4. lH and 1¾ NMR spectra of hexatrienes 112h，i and j 37 
Figure 5. l H and 13c NMR spectra of (E)- and (Z)-enediyne 164a 52 
Figure 6. lR and l3c NMR spectra of (l£，3E,5E)-2’7-dimethyl-l-phenyl-




LIST OF SPECTRA 
• 
Page 
Spectra 1. !H and 13C NMR spectra of 4,5,6-tridecatriene 35a -……128 
Spectra 2. lR and l3c NMR spectra of 2,2-dimethyl-3,4,5-nonatriene 35b 129 
Spectra 3. ^H and l3c NMR spectra of 1 -phenyl-1,2,3-heptatriene 35c 130 
Spectra 4. ^H and l3c NMR spectra of 2-methyl-2,3,4-octatriene 35d 131 
Spectra 5. l H and l^C NMR spectra of 1 -phenyl-1,2,3-decatriene 35e 132 
Spectra 6. l H and l3c NMR spectra of 5-methyl-1 -phenyl-1,2r3-hexatriene 35f.... 133 
Spectra 7. l H and 13c NMR spectra of 
5,5-dimethyl-1 -phenyl-1,2,3-hexatriene 35g 134 
Spectra 8. lR and l^C NMR spectra of 1,4-diphenyl-1,2,3-butatriene 35h 135 
Spectrum 9. ^H NMR spectrum of 4-methyl-1 -phenyl-1,2,3-pentatriene 35i 136 
Spectra 10. ^H and l ^c NMR spectra of (2£，4£，6£>2，4，6-octatriene 112a 137 
Spectra 11. ^H and ^^C NMR spectra of (3E)-2,5-diraethyl-1,3,5-hexatriene 112b .. 138 
Spectra 12. lR and l ^c NMR spectra of (4E)-2,7-dimethyl-2,4,6-octatriene 112c …139 
Spectra 13. ^H and l^C NMR spectra of (l£，3£>l-phenyl-l，3，5-hexatriene 112d …140 
Spectra 14. l H and l^C NMR spectra of 
(lE,3E,5E)-1 -phenyl-1,3,5-heptatriene 112e 141 
Spectra 15. l H and l3c NMR spectra of 
(lf,3E)-5-methyl-1 -phenyl-1,3,5-hexatriene 112f 142 
Spectra 16. l H and l^C NMR spectra of 
(1 E,3E)-6-methyl-1 -phenyl-1,3,5-heptatriene 112g 143 
Spectra 17. l H and i^C NMR spectra of 
(lE,3E,5E)-1,6-diphenyl-1,3,5-hexatriene 112h 144 
！ vi 
Spectra 18. ^H and ^ ¾ NMR spectra of 
(lE,3E,5Z)-1,6-diphenyl-1,3,5-hexatriene 112i 145 
Spectra 19. ^H and l3c NMR spectra of 
(lZ,3^:,5Z)-1,6-diphenyl-1,3,5-hexatriene 112j 146 
Spectra 20. !H and l3c NMR spectra of 
{lE,3E,5E)-1 -phenyl-6-trimethylsilyl-1,3,5-hexatriene 112k 147 
Spectra 21. ^H and ^^C NMR spectra of 
(lZ,3E,5E)-1 -phenyl-6-trimethylsilyl-1,3,5-hexatriene 1121 148 
Spectra 22. ^H and 1½ NMR spectra of (3E,5E)-l,3,5-undecatriene 122 149 
Spectra 23. ^H and ^¾ NMR spectra of (3E,5Z)-1,3,5-undecatriene 123 150 
Spectra 24. ^H and 13C NMR spectra of (E)-undec-3-ene-1,5-diyne 164a 151 
Spectra 25. ^H and 13c NMR spectra of (Z)-undec-3-ene-1,5-diyne 164a 152 
Spectra 26. l H and ^^C NMR spectra of 
(E)-7J-dimethyloct-3-ene-l,5-diyne 164b 153 
Spectrum 27. ^H NMR spectrum of (Z)-7,7-dimethyloct-3-ene-l,5-diyne 164b 154 
Spectra 28. ^H and l3c NMR spectra of (E)-1 -phenylhex-3-ene-1,5-diyne 164c ..…155 
Spectra 29. !H and ^^C NMR spectra of (Z)-1 -phenylhex-3-ene-1,5-diyne 164c ..…156 
Spectra 30. lH and ^^C NMR spectra of (E)-1 -phenylundec-3-ene-1,5-diyne 164d • 157 
. Spectra 31. lH and 13c NMR spectra of (Z)-1 -phenylundec-3-ene-1,5-diyne 164d . 158 
Spectra 32. !H and ^^C NMR spectra of 
(E)-7,7-dimethyl-l-phenyloct-3-ene-l,5-diyne 164e 159 
Spectra 33. ^H and l3c NMR spectra of 
(Z)-7,7-dimethyl-l-phenyloct-3-ene-l,5-diyne 164e 160 
Spectra 34. !H and 1¾ NMR spectra of (E)-hexdec-8-ene-6,10-diyne 164f 161 
Spectra 35. lH and 13c NMR spectra of (Z)-hexdec-8-ene-6,10-diyne 164f 162 
vii 
Spectra 36. !H and 13c NMR spectra of 
{E)-1,6-diphenylhex-3-ene-1,5-diyne 164g 163 
Spectrum 37. lR NMR spectrum of (Z)-1,6-diphenylhex-3-ene-1,5-diyne 164g ……164 
Spectra 38. ^H and l^C NMR spectra of 
(lJE:,3E,5E)-7-methyl-l-phenyl-l,3,5,7-octatetraene 212a 165 
Spectra 39. !H and 13c NMR spectra of 
(lE,3E,5E)-2,7-dimethyl-l-phenyl-l,3,5,7-octatetraene 212b 166 
Spectra 40. ^H and ^^C NMR spectra of 
(lE,3E,5E,7E)-2-methyl-l-phenyl-l,3,5,7-nonatetraene212c 167 
Spectra 41. !H and l3c NMR spectra of , 
(lE,3E,5E)-2,8-dimethyl-l-phenyl-l,3,5,7-nonatetraene212d 168 
Spectra 42. ^H and ^^C NMR spectra of 
(lf,3E,5E,7E)-l,8-diphenyl-13,5,7-octatetraene212e 169 
Spectra 43. ^ and ^^C NMR spectra of 
(lE,3£,5£,7E)-l,8-diphenyl-2-methyl-l,3,5,7-octatetraene 212f 170 
Spectra 44. ^H and ^^C NMR spectra of 
(lE,3E,5E,7E)-l-phenyl-8-trimethylsilyl-l,3,5,7-octatetraene 212g ……171 




This thesis is concerned with the development of new methodologies for the 
preparation of cumulated butatrienes, conjugated hexatrienes, enediynes as well as 
conjugated octatetraenes. Particular focus has been given to the product stability and 
stereochemical problems associated with these preparative methods and their applications in 
natural product synthesis. A mild and facile method for the construction of the labile 1,2,3-
butatrienes based on a tetrabutylammonium fluoride-induced, 1,4-elimination was 
disclosed. A detailed description of the evolution of a stereoselective construction of the 
l,3,5-hexatriene unit from diallylic sulfones employing a modified Ramberg-Backlund 
(RB) rearrangement was given. The dependence of the stereoselectivity on the reaction 
solvent and temperature was also revealed here. The application of this newly developed 
procedure to the synthesis of natural products Galhanolenes was exemplified. Finally, the 
RB methodology was also extended to the direct conversion of bis(propargylic)sulfones to 
enediynes and the stereoselective synthesis of conjugated octatetraenes. 
ix 
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Chapter 1. Introduction 
The carbon carbon double bond is one of the most important functional groups in 
organic chemistry.^ There are numerous literature reports devoted to the preparation and 
properties of this functional unit. The carbon carbon double bond in itself alone may not 
provide a great deal of exciting chemistry. However, when combined with other 
functionalities，a wide variety of theoretically, biologically and industrially interesting 
molecules can be produced. For example, one of the cumulenes, 1,2,3-butatriene, in 
which three double bonds are directly connected to each other, is a class of theoretically 
interesting molecule.^ This type of molecule has also been shown to possess interesting 
non-linear optical properties.^ When three double bonds are in conjugation, the resulting 
triene moiety is another important skeleton in naturally occurring, biologically active 
molecules such as leukotrienes.4 Long chain conjugated polyenes, on the other hand, are 
important structural units responsible for vision.^ When two triple bonds connected to a 
carbon carbon double bond via two single bonds, the resulting so called enediyne unit, has 
been shown to possess anticancer activity.^ Although there are numerous methods 
reported for the synthesis of carbon carbon double bonds, there still remains the necessity 
and urgency to discover milder and newer methods for the construction of this functionaUty 
in the presence of other sensitive functional units. 
There are two problems associated with the construction of carbon carbon double 
bonds in organic synthesis. Firstly, the compatibility of other sensitive functionalities 
during the transformation. Thus, the synthesis of an isolated double bond is simple and 
straightforward chemistry. However, the construction of 1,2,3-butatrienes - a cumulene 
system, proved to be extremely tricky. This is due to the instability of the cumulene 
system, which undergoes rapid polymerization at room temperature7 The second problem 
is a stereochemical one; because the existence of geometrical isomers，one needs to control 
the stereochemistry of the newly formed carbon carbon double bond. Although there are a 
1' 
number of extremely useful methods for the stereoselective construction of an isolated (E)-
or (Z)-double bond, the situation becomes more complicated when more than one double 
bonds are present in the molecule. First of all, the number of possible stereoisomers 
increases geometrically with the increasing number of double bond units. Secondly, 
conjugated polyenes are light sensitive and tend to isomerize to the all (^)-isomer. Hence, 
the challenge facing the stereocontrolled synthesis of one particular geometrical isomer of a 
polyene system becomes apparent. 
This thesis is concerned with the development of new methodologies for the 
preparation of cumulated butatrienes, conjugated hexatrienes, enediynes as well as 
conjugated octatetxaenes. Particular focus has been given to the product stability and 
stereochemical problems associated with these preparative methods and their applications in 
natural product synthesis. 
Jn Chapter 2，a mild and facile method for the construction of the labile 1,2,3-
butatriene unit based on a fluoride-catalyzed vinylogous 1,4-elimination strategy is 
described. This newly developed protocol^ offers an easy access to synthesize alkyl 
substituted 1,2,3-butatriene derivatives, which are extremely labile when compared to their 
aryl or tert-butyl substituted counterparts. 
Conjugated hextriene is an important structure skeleton in a wide variety of 
biologically active natural products such as phytoene, vitamins D2 and D 3 , leukotrienes, 
asukamycin and mocimycin. In Chapter 3，a detailed description of the evolution of a 
stereoselective construction of the l,3,5-hexatriene unit by a modified Ramberg-Backlund 
. (RB) rearrangement is given.9 Several RB synthetic variants are examined and their 
advantages and disadvantages are discussed in this section. Particular attention has been 
paid to determine the stereochemical course of this reaction. The dependence of the 
stereoselectivity on the reaction solvent and temperature is also revealed here. The 
application of this newly developed procedure to the synthesis of natural products 
Galbanolenes is exemplified. 
2 
* 
The recent fury in enediyne synthesis, sparked by the discovery of a series of novel 
antitumour antibiotics such as neocarzinostatin, calicheamicin, esperamicins and 
dynemicins, prompted us to extend the RB methodology developed in Chapter 3 to the 
synthesis of enediynes. Chapter 4 reports this method which enables the direct conversion 
of bis(propargylic) sulfones to enediynes. 
In Chapter 5 we disclose another extension of the RB procedure to the 
stereoselective synthesis of conjugated tetraenes. These are compounds with interesting 
non-linear optical and electrical properties. At the present moment, only a handful of 
stereoselective preparative methods of this functional units have been reported. The 
stereochemical course of this transformation is detailed in this section. 
‘ 3 
A 
Chapter 2. l,2,3-Butatrienes 
2.1. Preparation of 1,2,3-Butatrienes 
Although there are several preparative methods for the synthesis of 1,2,3-
butatrienes,8 most of them are only applicable to the preparation of the aryl, r^rr-butyl or 
aUcoxy substituted derivatives. These substituted 1,2,3-butatrienes, in contrast to their 
aJUk:yl counterparts, have better stability and therefore can be prepared under relatively harsh 
experimental conditions. 
One of the commonly used preparative routes is reductive l,4-eHmination of 1,4-
disubstituted 2-butynes. On treatment with zinc dust in diethylene glycol diethyl ether, 1,4-
dibromo-2-butyne 1 or 1 -benzyloxy-4-bromo-2-butyne 2 gave unsubstituted 1,2,3-
butatriene 3.10 However, the yields were not reproducible and this synthetic method was 
later modified by Montijnll with the use of sodium iodide in place of zinc in polar aprotic 
solvents such as DMSO or DMF. 
BrCHaCECCHaBr 1 ^n 
^ H2C=C=C=CH2 3 
PhOCH2CECCH2Br 2 
Similarly, 1,4-dihydroxy-1,1,4,4-tetraphenyl-2-butyne 4 could be converted to 
1,1,4,4-tetraphenyl-1,2,3-butatriene 5 by treatment with tin(II) chloride or phosphorous 
Ph\ / h PBr3orSnCl2/HCI Ph、 ^Ph 
P h 、 二 { Ph _ 2 1 _ ^ > = C = C = < 
OH OH Ph Ph 
4 5 
H ^ 
H2SO4. MeOH ^ > ^ 
Ph Ph 





bromide.l2 Alternatively, the diol 4 could be firstly converted to the bis-0-methyl ether 6 
foUowed by hydrogen iodide catalyzed l,4-elimination to give the desired triene 5 ” 
l,2,3-Butatriene could also be prepared via 1,2-elimination from allene lM 
Thus, treatment of 7 with sodium ethoxide or bis(trimethylsilyl)amide gave butatriene 8. 
〜 C = ^ L - ^ _ • ^ ^ V c = C = < ^ O R ^ Ri = M e o r E t 
Me Br or NaN(SiMe3)2 Me R^ R2 = Me.orEt 
7 8 
The other preparative useful route to 1,2,3-butatrienes involves dimerization of 
alkylidene carbene or carbenoid intermediates. Thus, addition of organocuprate 
(R2CuMgX or R2CuLi) to 1-aBcynyl sulfide 9 in THF afforded a copper(I) intermediate.^^ 
On treatment of it with excess methyl iodide, the 5-ylide was formed, which then 
underwent loss of dimethyl sulfide followed by dimerization of an unstable alkylidene 
carbenoid intermediate to give 1,2,3-butatrienes 10. 
R L C = C - S C H 3 RRiC=C=C=CRRi 
9 10 
R = alkyl or Ph “ 
Ri = H,alkylorPh R2Cu(MgX or Li) -Me2S 
「 MeS 1 「 ni rw 1 
o i \ CH3I R； - +pH3 
^ V ^ > " ^ ^ > = C - S 、 
T 'Cu(MgX or Li) R CH3 
L R 」 2 
Alternatively, when substituted l,l-dibromoethene 11 was treated with one 
equivalent of w-BuLi followed by one equivalent of CuSPh, a lithium cuprate 12 was 
obtained. This intermediate dimerized to give butatriene 13 in 58% yield. ^ ^ 
5 ‘ 
A 
r ^ r ^ f ^ r ^ 
^ ^ Y v = = / ^ l )^-BuLi^ k ^ Br ^ J V ^ h ^ 
f ^ B r 2)CuSP; ^ j L ^ ^ u S P h ~ ~ “ r ^ C = C = y ^ 
^ ^ k s ^ Li W ^ k ^ 
11 12 13 
• Li a similar manner, vinyl borane 14 underwent dimerization to give butatxienes 
15.17 Reaction of thexyl boxane with two molar equivalents of 1-iodo-l-aUcyne gave the 
substituted organoborane 14. Treatment of compound 14 with 2 molar equivalents of 
sodium methoxide produced the trans-1,4-disubstituted 1,2,3-butatxiene in moderate 
yields. It should be pointed out that this was the first stereoselective synthesis of 1,2,3-
butatrienes. 
' v < R 
Bj_l2 2RCECI • 已' H NaOCH3 • 




} = \ NaOCH3 R、 H 
——B R ^ ) = C = C = < R=n-C4H9,c-C6H11 
'OCH3 H R 
15 
Recently, Hirama^^ reported the synthesis of an enyne cumulene 17, which was 
an important precursor for the antitumor agent neocarzinostatin. The key reaction involved 
a thiol-triggered vinylogous SN2' displacement reaction to the cross-conjugated dienyl 
acetylenic dinitrobenzoate 16 in the presence of triethylamine, leading to the functionalized 
1,2,3-butatriene 17 in 46% yield. 
I 6 
^ 
Ar \\ \ 
\ \ \ ( ^ r ^ Q HSCH2COOMe/NEt3 y ^ ^ ^ c = C ^ 
U ^ ^ ^ MeOOCCH2S--<^ 
Ar = 3,5-dinitrophenyl 17 
16 
Similarly, the enynyl oxiranes 18 smoothly reacted with organosilver in a 
vinylogous S^^2 fashion to from butatrienyl carbinols 19.19 
H S - C E c X ^ T 1 ) _ > RH2C>C:C=<R^2 Ri,R2 = HorCH3 
H3C^ b R2 2)H3O+ H3C C^R2 R = /-Pr, n-Bu, t-Bu 
OH 
18 19 
Kleijn reported the use of an SN2' displacement reaction to prepare butatrienes 
22.20 3-Bromoalk-3-en-l-ynes 21, readily available from 1,3-butadiynes 20, underwent 
SN2' reaction with organocuprate to give 1,2,3-butatxienes 22. Most products in this 
example were r-Bu or Ph substituted. 
H p1 o2 
R1CEC-C=C-H - 1 ^ ^ R lCEC-9=6R2 ^ > = C = C = < ^^o rR^ 
2) NBS Br R H = ^Bu or Ph 
20 21 22 
A completely different synthetic approach was reported by Kajigashi.21 1,1-
Dichlorocyclopropanes 23，the dichlorocarbene adduct of olefins, reacted with potassium 
^rr-butoxide to give aUcoxy or phenyl substituted butatrienes 24 in 44 - 49% yields. 
R1R2C=CHCHR3R4 £ £ ^ R^R^GrCHCHR3R4 ,-BuOK, RlR2c=c=C=CR^R^ 
/。、 
CI CI 24 
23 7 • 
^ 
• 
In a similar manner, Moore disclosed the conversion of the dibromocarbene 
adduct 25 of a cyclic allene to a cyclic 1,2,3-butatriene 26.22 Treatment of 10,10-
dibromobicyclo[7.1.0]dec-1 -ene 25 with methyl lithium afforded the structurally 
interesting cyclodeca-1,2,3-triene. 
Br Br X_ H H 
^ ^ 2 ^ c6H5HgcBr3> { ^ ^ ^ " ^ } cH3Li>r ^ c = c ^ 
25 26 
Herges23 developed an efficient route to butatrienes 29 via desulfurization of 
cyclic trithiocarbonates 28. Thus, reaction of potassium trithiocarbonate with 1,4-dihalo-
or 1,4-ditosyl-2-butyne 27 afforded 4-vinylidene-1,3-dithiolane-2-thione 28. Subsequent 
Corey-Winter desulfurization produced butatriene 29 in good yields. • 
S 
A ^ W - ^ ^ 6 ^ " ^ ^ >0=0=< 
X X 18-Crown-6 R^ ^ r H H 
^ H 
X = OTs or Br ^^ 
27 28 29 
FinaUy, Stang24 reported an efficient method for the preparation of butatrienes 
3Ph3P Ph3P\+ H 
Ph+lC=Cr-2 0Tf- ^ ) = < • 2 0Tf-
CH3CN H +PPh3 
30 
2 n-BuLi 2 ArCHO ^ .,^ ^ ^ ^ , , , 







via the Witt ig olefination. Thus, reaction of diphosphonium salt 30 with Ai-BuLi in 
CH2Cl2 at -78°C, followed by addition of aromatic aldehyde gave aryl substituted 
butatrienes 31 in mcxierate yields. 
2.2. Our Synthetic Approach 
As akeMy outlined in the previous section, although there are several synthetic 
methods for the preparation of 1,2,3-butatrienes, there are only a limited number of 
procedures applicable to the synthesis of aUcyl substituted 1,2,3-butatrienes. Most of the 
known butatrienes are aryl or ^rr-butyl substituted because of their greater stability towards 
oxygen and acid. Jn view of the interesting structure of 1,2,3-butatienes and their potential 
applications in antitumour drug design and material science,25 It is important to discover 
novel synthetic methods which could generate butatrienes with a wide variety of 
.substituents with a high degree of purity and good yields under mild reaction conditions. 
r〇Ac F 
> ~ f >- C=C 
Me3S1^ 
COAc F 
C ^ ^ - = ~ / ^ C=C=C=C 
Me3S1 ^ 
Our methodology is based on the well documented^^ alkene synthesis by 1,2-
eHmination reactions of P-acetoxy organosilanes. We envisaged that by inserting an 
acetylenic functionality between the acetoxy and the trimethylsilyl groups, the analogous 
1,4-elimination should become plausible with the formation of the highly reactive 1,2,3-
butatriene.* In fact，the base-catalyzed elimination of l-hydroxy-4-trimethylsilyl-2-butenes 
* After the publication of our work, W a n g 2 7 reported a similar synthetic strategy making use of a 
sutfonate ester as the leaving group for the fluoride-induced 1,4-eliminadon to give 1,2,3-butatrienes. 
9 
.j 
to 1,3-butadienes and the reaction stereochemistry had previously been disclosed in the 
Hterature.^ 
2.3. Results and Discussion 
CS... SiMe3 
SIMe3 I 
^^^JL^^ 1) n-BuLior n-BuLi, CeCI3 p i , >x , ^ ^ ^^ Ac2O 
R ^ ^ H 2) R^R^CO “ ^ f C ^ 2 DMAP,NEt3i 
R3 
32 33 
「 f F - 1 
SiMe3 SlMe3 
R1-^^S^^ - I ^ ^ R l " ^ ^ ^ ~ - RlHC=C=C=CR2R3 
^ ^ k ^ O A c ether ^ ^ O A c 
R3^ ' ^ R 2 
34 ^ 」 35 
Scheme 1. Synthesis of 1,2,3-butatriene 35 via fluoride-induced 1,4-elimination 
The synthesis of the pre-requisite l-acetoxy-4-trimethylsilyl-2-butynes 34 is 
shown above (Scheme 1). 3-Phenyl-3-trimethylsilylprop-l-yne (32a，Rl = Ph) or 3-
trimethylsilylhex-1 -yne (32b，Rl 二 w-Pr)，29 readily available in 100 g quantities from the 
corresponding terminal aUcyne, was converted to the corresponding lithium acetylide on 
treatment with 1 equivalent of n-butyllithium at 0°C. The resulting anion could be trapped 
with aldehyde or ketone to give a diastereomeric mixture of 4-trimethylsilyl-2-butyn-1 -ols 
33 in good yields (Table 1). There is little l,4-asymmetric induction for the addition of the 
acetylide anion to the carbonyl compound. Typical diastereomeric ratios of the alcohol are 
between 1 : 1 to 2 : 1. The ratio is higher for sterically hindered aldehyde such as 
pivaldehyde. For easily enolizable aldehyde such as heptanal (entries a and e)，the yield of 
the propargylic alcohols 33 was poor. This is probably due to enolization and self-























































































































































































































































































































































































































































































































































































organocerium30 agent by addition of CeCl3, followed by the addition of the carbonyl 
compound R2R3C=0 resulted in a very clean transformation. The alcohols 33 was then 
converted to the corresponding acetates 34 (dimethylaminopyridine, triethylamine, acetic ； 
anhydride). Subsequent, treatment of the si lyl propargylic acetates 34 w i t h 
tetrabutylammonium fluoride resulted in a facile 1,4-elimination to give the substituted 
butatrienes 35. Upon aqueous quenching with sodium carbonate solution, extractive work 
up with hexane (degassed) under nitrogen, and then flash chromatography on Florisil, 
butatrienes 35 could be isolated as a mixture of {E)- and (Z)-isomers with >90% purity (by 
NMR spectra). 
j 
Both the propargylic alcohols 33 and acetates 34 are pale yellow oils and are I 
light and heat-sensitive. The stability of the l,2,3-butatrienes depends on the nature of the 
substituent- Phenyl or rerr-butyl substituted butatrienes are more stable and can be stored at 
-30°C for days in hexane solutions. The alkyl analogs are less stable and tend to 
polymerize upon concentration from hexane solutions to give white precipitates. When 
subjected to mass spectroscopic analysis, the butatrienes 35d and 35i produced a number 
of higher molecular weight peaks in addition to the parent ion signal, suggesting that the 
polymerization process took place even during sample injection. 
These butatrienes 35 exhibit interesting l H NMR spectroscopic properties 
OFigure 1). Thus, for l,4-disubstituted butatrienes，the two vinylic protons (~ 5 6.3 and 
5.5) couple to each other with a long range coupHng constant (5/nH = 7.7 - 6.0 Hz). There 
is little difference (<0.5 Hz) between the cis- and trans-coupling constants of the 
butatrienes, and therefore it is difficult to assign the geometry of the triene system，although 
it had been claimed previously31,义 that the trans-isornQv had a larger ^/HH value than that 
of the corresponding ds-isomer. The presence of the butatriene skeleton was also 
confirmed by the characteristic C-H coupling constants ( l / cH = 158 - 165 Hz) of the 
terminal olefinic carbons in their ^^C NMR spectra. 
13 ‘ 
u 
Figure 1. !H and 13c NMR spectra of 5,5-dimethyl-l-phenyl-l,2,3-hexatriene 35g 
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Jn conclusion, the highly unstable 1,2,3-butatriene unit could be synthesized via a 
fluoride induced 1,4-eHmination of l-acetoxy-4-trimethylsilyl-2-butynes. This preparative 
procedure could be easily adopted to the synthesis of 1,2,3-butatrienes with diverse 
chemical structure by selecting different combinations of aldehydes or ketones components 
and condense with various propaigyHc silanes. The extremely mild eUmination conditions 
reported here thus allow us to prepare highly unstable aUcyl substituted 1,2,3-butatrienes, i 




Chapter 3. 1,3,5-Hexatrienes 
3.1. Preparation of 1,3,5-Hexatrienes 
Conjugated 1,3,5-hexatriene is an important structural unit in a wide variety of 
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Jn spite of the considerable progress made in conjugated triene synthesis, there 
remains a need for newer methodology to fabricate this functional group effectively and 
stereoselectively. In this Chapter we wi l l first review the literature methods for their 
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synthesis. Our synthetic strategy as well as the research outcome wi l l be described in the 
following sections. 
Amongst the various methods used in the construction of 1,3,5-hexatrienes, the 
Witt ig olefination, palladium-catalyzed olefination and elimination reactions are the 
commonly used approaches because of their versatility and compatablity with sensitive 
functional groups. 
Some years ago, Barlow reported the use of the Wittig reaction for the synthesis 
of the different geometrical isomers of 2,6,11,15-tetramethylhexadeca-2,6,8,10,14-
pentaenes 40 - 42，34 which are the precursor conjugated polyenes for the biosynthesis of 
carotenoids. Thus, treatment of the (Z)- 36 or (E")-phosphonium salts 37’ readily prepared 
from nerol or geraniol respectively, with ^z-BuLi followed by reaction with 
stereochemically pure (E)-citral 38 or (Z)-citral 39，led to a geometrical mixture of the 
hexatrienes 40 - 42. 
• • 
/^^^==^:i^^^^xA:>| / ^ ^ ^ ^ ^ ^ " ^ ^ ^ ^ " ^ = = ^ P P f V B r 
36 PP"3+Br- 37 
X / ^ ^ A ^ o 丄 A ^ ^ ^ A ^ ^ ^ ^ ^ ^ Y " ^ < ^ 40 
38 、 
• \ , 
7 " ^ " > = / = = X = < ^ 41 
x - ' ^ x " ^ v . x ^ ~ \ 
0 — K ^ 
39 ^ ^ > / = H " ^ -
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Similarly, the 2,4-pentadienylphosphine oxide 44，reacted non-stereoselectively 
with carbonyl compounds via Wittig-Homer reaction to give the conjugated triene 45.^^ 
This phosphine oxide was easily prepared by reaction of methyl magnesium iodide with 1-
oxa-2-phosphacyclohepta-4,6-diene 43. 
Me Me Me Me Me 
M e ^ / ^ P h _ ^ M e J = Q ) 1 ) 睡 \ ^ % _ > J c = C H P h 
V p . 0 Ph'3 Ph 2) H2SO4 P h ^ 
p/\、〇 44 I 
43 1) f-BuOK I 
2) PhCHO 
1 ‘ 
Me Me 1 
r ^ I 
Ph Ph I 
4 5 丨 
The palladium-catalyzed reaction of aUcenes with organic halides is a powerful 
method to create carbon-carbon a bonds.^^ Conjugated trienes 48 could be prepared by 
palladium-catalyzed reaction of vinyl bromides 46 with 2,4-pentadienoic acid derivative 
47.37 Methyl (E)-3-bromo-2-methylpropenoate also formed conjugated trienes when 
reacted with 1,3-dienes. S tereorandomization of the configurations in the pre-existing 
double bonds andA>r the one under construction appeared to be quite common in the 
reaction. This was presumably due to the presence of equilibrating 7c-allylic intermediates 
in the reaction. 
CO2H 
^ V ^ B r + < ^ Pd(OAc)2 , R^^^:^^>^^^^=^^CO2H 48 
^, PPh3. Et3N f i^ 
R = Ph,Ri = H 
46 47 R = CO2Me, Ri = Me 
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Conjugated trienes could also be synthesized by the paUadium-catalyzed reaction 
of aUcenes 50 with substituted 2,4-pentadienoyl chloride 49 in the presence of N- 丨 
1 
e t h y l m o r p h o l i n e .38 Again, this reaction produced mixture of {E,E,E)- and (E,E,Z)-trienes | 
i 
51，accompanied with a small amount of 1,8-diphenyl-1,3,5,7-octatetraene 52. 
I 
(： 
p , / ^ ^ ^ C . + V P d ( _ . p ^ ^ / ^ ^ / ^ ^ R 51 I 
FV N-ethylmorpholine … j 
49 50 + j 
R,H，CH3 nhX^^^^:^/^^=^:ix<*"^^^::>^zPh 52 
Ri = Ph, CO2Me Ph ^ ^ V • 〜 
It was only very recently that a number of stereoselective syntheses of hexatriene 
began to emerge. By using palladium chemistry, Linstrumelle reported the stereoselective 
synthesis of methyl a-eleostearate 55.39 Thus, (l£，3£，5Z)- and (lZ,3^,5Z)-hexatrienes 
55 and 56 were prepared via palladium-copper co-catalyzed coupling of terminal 
acetylenes to stereochemically defined l-chloro-(l£\3£>butadienes 53 or l-chloro-(£> 
eneyne 54，respectively, followed by jyn-reduction of the triple bond moieties with 
diisoamylborane. 
r - ^ ^ R i ^ ^ ^ ^ ^ c i 53 
2 ) C l v , ^ ^ j , Pd(PPh3)4. Cu(l) 
Ri 二 H — 
Ri 
Ck^C l .Pd (PPh3 )4 ,Cu ( l ) ^ ^ ^ 
^ ^ ^ v : ^ C I 54 
53 ~ 1 ,, — n2 ^ ^ ^ " ^ ^ ^ ^ ^ ^ " ^ 1)diisoamyl R^^^^^^^^^^^"^= /R2 55 
^ — H ^ R1 R^ borane^ 
… _ Pd(PPh3)4, Cu(l) > ^ . 2) HOAc 
54 _ ^ ^ R 2 R 1 / ^ = ^ ^ ^ R % 6 
n 
Ri = n-C4H9 





This strategy was later extended to the stereoselective synthesis of (12,32,52)-
hexatrienes.40 . The unsymmetrical (2)- or (E)-enediynes 57 and 58 could be obtained by a 
one-pot procedure involving two consecutive palladium-catalyzed coupling reactions 
between (2)- or (E)-1 ,2-dichloroethylene to 1-al~ynes, respectively. The stereochernically 
pure conjugated trienes 59 and 60 were then easily prepared by treatment of these 
enediynes with activated zinc in methanol-water.41 
r==\ 
Cl Cl 
1) R1 ==, Pd(PPh3)4 
Cu(I), BuNH 2 
... 
A R1 _ R2 ~
59 " R1 R2 57 Zn (Cu/Ag) 
CH30H/H~ 
piperidine ~ .0 
2) R2 ==, PdCliPhCN)2 R1~ 
CI~CI ~ r=="'-... ~ / R2 Ri ~~-
R2 
58 60 
Alternatively, the all (E)-conjugated triene 62 could be prepared by palladium-
catalyzed Stille coupling between vinylstannane with vinyl halide 61.42 Further 
manipulation of 62 tied to the higher polyene di-t-butyl substitued dodecahexaene 63. 
61 
30 I Me3sn~CI .. ~CI 
[Pd2(dba)31. PPh3 62 +--== 
1) DIBAL 
.. 
2) iodine ~I 
Me3SnLi 












The third general approach to l,3j5-hexatrienes relied on various classical j 
elimination reactions. Thus, mixture of (E)-and (Z)-l,3,5-hexatriene 66 could be prepared [ 
！ r 
from bromohexadienes 64 and 65 by Hoffmann elimination of their quaternary 
ammonium salt in boiling sodium hydroxide s o l u t i o n .43 
i' 
• ！ 
H2C=CHCH2CH=CHCH2Br 64 + _ C6H5CH2N(CH3)2 C6H5N(CH3)2CH2C6H9Br "^"""""^ "^ ""*"""^ ^^ ^^ ^^ ^ 
H2C=CHCH2CH(Br)CH=CH2 65 1 
Ag2O I 
orNaOH. 100°C 1 
H2C=CHCH=CHCH=CH2 66 
Some years ago Keck disclosed the stereoselective synthesis of conjugated trienes 
by a modified Julia-olefination between allylic sulfones and a,p-unsaturated a l d e h y d e s .44 
This reaction gave conjugated hexatrienes with the newly formed double bond an {E)-
configuration. Using a similar but improved variant of the Julia process, Kende^^ reported 
the stereoselective preparation of the (4£,6£^)-isomer of 2-methyl-7-phenyl-2,4,6-
hexatriene 68 by SmI2 promoted reductive elimination of p-hydroxy imidazolyl sulfone 
67, Despite these interesting findings, the generality and stereoselectivity of the 
vinylogous Julia olefination remain to be explored. 
Me 
I 
Y > ^ ^ V % Sm., > ^ ^ ^ ^ ^ ^ ^ P h 
々 O H " ~ ~ - I 
P h ^ 
67 68 
Recently, Hayashi reported the preparation of (3£^,5£)-l,3,5-hexatrienes via 
fluoride ion-induced elimination of l-trimethylsilyl-2-dithiocarbamyl-3,5-pentadiene 





underwent fluoride catalyzed elimination to give the insect sex pheromone (3£"，5£)-l，3，5-
undecatriene 72. This reaction was believed to proceed through the intermediary 71. 
SiMe3 
\ / ^ " V ^ / \ : ^ : : ^ ^ \ ^ ^ ^ 1)LDA • \ x ^ ^ \ x ^ " \ ^ : ; ^ ^ \ : ^ = ^ ^ \ > l ^ 
S C N ^ ^ 2) Me3SiCH2' S C N ' ^ 
^^ II \ ^ ^^ II v ^ 
69 S 70 S i 
「 P F - 1 
SiMe3 ! 
• _ o 、 R ^ ^ 一 ^ ^ ^ ^ ^ ^ ^ ^ / ^ ^ ^ ^ ^ ^ ^ 丨 
s ) + / ^ 
M e S ' ^ = w O 72 
一 o J 
71 
The Peterson olefination procedure was employed to stereoselectively construct 
(3E,5E)- and (3Z,5E)-hexatrienes 77 and 78.47 The p-hydroxy-a-tr imethyls i ly l 
derivative 74，prepared via a diastereoselec.tive [2,3]-Wittig rearrangement of y-silylallyl 
propargyl ether 73 followed by stereoselective reduction of the triple bond，underwent 
F k ^ , x ^ S i M e 3 2 ^ Rv^^^:>N^^SiMe3 
0 [2，3】n-BuLiATHF T NaHAI(OCH2CH2OCH3)2 
^ ^ H c r 、 N ^ ^ 
I ^ S i R ^ 3 
SiRi3 
73 
R v ^ 
r ^ L ^ , 75 一 R^^^^^ \^^^^^v^ 77 ^Vi^^^qjDl 
Rv^,^^K^SiMe3 ^ ' " 3 
Ho、、、、k^SiRi3 Base ^ ^ ^ 





stereoselective acid or basic-catalyzed elimination to afford the stereochemically pure 
hexatriene 75 or 76 respectively. Subsequent protodesilylation with tetrabutylammonium 
fluoride afforded trienes 77 and 78 respectively. 
Low-valent titanium or sodium amalgam had been used to induce the reductive 
elimination of 2,4-dienyl-1,6-dibenzoate 79 to give all rraAz^-hexatrienes 80.48 The 
reaction was likely to proceed via series of electron transfers from the low valent Ti to the 
benzoate ester. This method was successfully applied to the total synthesis of leukotriene 
B4. 
1) H - ^ ~ ~ ^ " M g B r 
RPHO 2) EtMgBr ^ I 二 二 I ^ ' 
RCHO »- OH OH 
3) RiCHO 
〇Bz 
1) Zn-Cu reduction \ _ , , TI(0) 、 ^ 、 ^ 
^ n A _ _ y ^ = V R — ^ R/"^::ix<^^"^:i::><^^-^R 
2) PhCOCI R ^ = / Y R 
〇Bz 
79 80 
In addition to the three general synthetic approaches, there are several novel 
preparative methods for the synthesis of 1,3,5-hexatrienes. For example, Takayama^^ 
reported the preparation of conjugated trienes 83 via a stereoselective cheletropic ring 
opening of dihydrothiophene 5^-dioxide 82，readily prepared from the corresponding 2-
tri-Ai-butylstannyl-2,5-dihydrothiophene 5,5-dioxide 81 with vinyl iodides in the presence 
of Pd(PPh3)4. 
X X X 
r = y 1)n-BuLi.HMPA . r = ^ ^ - ^ ^ | ^ r = < f 
W 2)(n.Bu)3SnCl^ ‘ 卜 — 3 ^ ( S 0 ^ ^ R 
81 82 
X 
• NaHCO3 - L ^ ^ R X = H o r M e 
3^ ^ ^ ^ / ^ ^ 5 : x ^ R R =n-Bu or n-Pent 
^ , -SO2 83 
！ 2 3 ‘ 
« 
！ t i 
Alternatively, the stereospecific thermal extrusion of SO2 from stereochemically 
defined 2,7-dihydrothiepin-1,1 -dioxides 84 and 85 could also be used to synthesize \ 
stereochemicaUy pure 1,3,5-hexatrienes 86 and 87 respectively.^^ 
/ ^ ^ 1 V 1 y ^ = N ^ _ _ / I 
CHt^O^CH, 产 — 
84 >195°C^ 86 
0 一 / ^ CH3 S02 CH3 
85 87 
Finally, Machiguchi reported that tropone oxime tosylate 88 reacted with 
secondary amines, aUcoxides, or Grignard reagents to give 6-substituted (lZ,3Z,5Z)-
hexatriene-carbonitxile 90 as the sole i s o m e r .51 The ring opening reaction was beHeved to 
involve a nitrene intermediate 89. 
0 卿1。’肥3> C \ N ^ f ^ — N U ^ ^ C N 
R " T ^ R ^ 3ir lcP^ R " V ^ R i N u ^ ^ R i R ^ R^  
0 ) N、 h N: 
^ OTs “ I 
88 89 90 
3.2. Results and Discussion 
3.2.1. Preparation of Hexarienes Using the Ramberg-Backlund Reaction 
The previous finding that dibenzylic sulfones were smoothly transformed into 
(E)-stilbenes in excellent yield and with high (E)-stereoselectivity on treatment of CBr2F2 
in the presence of alumina-supported KOH52 prompted us to examine the behaviour of 
24 
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diallylic sufones, which could now be conveniently prepared by selective oxidation of 
diallylic sulfides with oxone.53 
There are several possible strategies for the construction of l,3,5-hexatrienes 
using the Ramberg-Backlund reaction. The first approach starts from an allylic 1,4-
bis(sulfone) 91 with one built-in central double bond, the two external double bonds are 
then to be created by a double Ramberg-Backlund reaction. 
o1X- / V ^ ^ ^ S 0 2 ^ R 2 ^ Rl>s^^^^"K^^^^"^^R2 
H SO2 
91 
1 Our first investigations into this approach were conducted by coupling 2 
equivalents of the benzenethiol 92 to {E)-1,4-dibromo-2-butene 93 in the presence of 
KOH to give the bis(sulfide), which was converted to the corresponding bis(sulfone) 94 
by oxone oxidation. Nucleophilic displacement of the allylic dibromide 93 with the 
thiolate proceeded with high regioselectivity to afford only S^2 substitution product. 
When the bis(sulfone) 94 was subjected to our modified Ramberg-Backlund reaction 
R/^=^V^^^^=^^^^^R 
_ z v ^ ^ B r 93 二二 
KOH/MeOH 





R = 3,5-di(ferf-butyl)phenyl tert-BuOH 
〇Me 







condition in CH2Cl2, a complex mixture of unidentifiable products was formed. However, 
when performed in r^rf-butanol: CBr2F2 (1 ： 1) mixture, the dienyl ethers 95 and 96 in a 
20 : 80 ratio (total yield = 88%) were obtained instead of the expected 1,3,5-hexatriene. 
The formation ofthe unsaturated ethers 95 and 96 can be rationaUzed by the 
facile base-catalyzed eUmination of a benzylsulfinate anion 97 from the bis(sulfone) to give 
a dienyl sulfone 98. In situ 1,2-addition of residual methanol (trapped in alumina 
supported KOH during its preparation) to the dienyl sulfone 98 gave a sulfonyl anion 99 
which then underwent the concomitant Ramberg-Backlund reaction to give the 1,4-dienyl 
ether 96. Alternatively, 1,4-Michael addition of methanol to the sulfone 98 afforded an 
allyl sulfonyl anion 100 which then fumished the l,3-dienyl ether 95 via a vinylogous 
Ramberg-Backlund rearrangement.^^ 
94 ^ ^ - ^ : . . - ^ o M e - R - S O r < ^ ^ ^ ^ 
95 100 
CBr2F2/AI2O3 ；, 
二 二 ‘ 1 ， 一 
) ‘ 
R - s o . ^ t > ^ ^ ^ - R — 2 - 9; R - s o r ^ ^ , _ 
V ^OMe 
R = 3,5-di(ferf-butyl)phenyl 98 
1,2-addition 
OMe RB _ 
R / ^ ^ ^ X ^ 一 ~ - R , S O r Y ^ 
； ^^ OMe . 
96 99 
The observation that the fragmentation reaction preceding the Ramberg-Backlund 
reaction had also been noticed when we attempted a double Ramberg-Backlund reaction on 
a l,2-bis(sulfone) 101 with the hope to synthesize 1,4^iphenyl-1,3-butadiene. Again, a 
‘complex mixture of products was formed when the Ramberg-Backlund reaction was 
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conducted in CH2Cl2. In contrast, (E)-cinammyl methyl ether 102 was obtained in 91% 
yield when the reaction was conducted in r^rr-butanol : CBr2F2 (1 ： 1) mixture. The 
formation of 102 can also be explained by the facile elimination of the benzyl sulfinate 
moiety from the bis(sulfone) 101 to yield the vinyl sulfone 103. 1,2-Addition of 
methanol followed by concomitant Ramberg-B acklund reaction then led to the unsaturated 
ether 102, 
P h A o r ^ S 0 2 y P h P h / ^ ^ ^ : > ^ P h 
101 :二 
,,KOH 
-PhCH,SCY P h ^ S O r ^ ^ 
P h 〜 2 々 〇 W 103 5Me 
P h ' " ' ^ ^ O M e - ~ > P h Z S 0 〜 〇 M e 
102 
Faced with this result, we then looked into an alternative strategy. This approach 
begins with a diaUyHc sulfone 104 with two terminal double bonds akeady in place and the 
central double bond to be constructed by a Ramberg-Backlund procedure. In fact, this 
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However, at a time when a convenient procedure for the conversion of diallyl 
suMdes into the corresponding sulfones was yet to be discovered, these authors had to 
resort to a cumbersome route entailing the reaction of two molar equivalents of an allylic 
alcohol with a sulfur transfer reagent to generate first the allyl allylsulfinate (presumably by 
way of the elusive diallyl sulfoxylate) which was then subjected to a thermal 
[2,3]sigmatropic rearrangement to arrive at the requisite sulfone. Ramberg-Backlund 
reaction of the diallyl sulfone using the Meyers' p r o t o c o l 5 6 a led to mixture of geometric 
isomers of the conjugated trienes. In the intervening years, several other s t u d i e s 5 6 b ， c 
revolving on a similar motif on the application of the Ramberg-Backlund reaction for the 
construction of conjugated trienes have appeared, but again the levels of stereocontrol 
attainable in these works were at best marginal. Moreover, little is known about the 
stereochemistry of this reaction apart from fragmentary evidence56b suggesting that the 
newly formed double bond has the (E)-configuration and the starting double bonds retain 
their geometry during the transformation. 
It should be mentioned here that the third strategy of assembling 1,3,5-
hexatrienes via the Ramberg-Backlund reaction of dienyl alkyl sulfone 105 had been 
demonstrated by G r i e c o .57 However, preparation of this type of sulfones 105 seems to be 
less straightfoward than that of diallyiic sulfones 104. With this in mind, we decided to 
systematically look into the diallylic sulfone approach again and began to prepare 
stereochemically pure diaUylic sulfones. 
R3 R5 R' f 
R i ^ ^ ^ k ^ ^ S 〇 2 ^ R 6 ^ R i > Y ^ k f A ^ R 6 




3.2.2. Preparat ion of StereoisomericaIly Pure DiaI lyl ic Sulfides and 
Sulfones 
R2 R2 
R i A ^ O H R i A | ^ x 
R3 R3 
106 107 
r f f e ^ 2 [ A D Na2S. MeOH 
MeCOSH 2 
^ ‘ } f 
R' R2 R5 
k 八 KOH, MeOH 丨 | 
R i / ^ S A c ^ R i > y ^ S ^ ^ Y ^ 4 
R3 R4 口3 p6 
o 5 > v - . 1的 R R 
108 H ^ X 110 
% 
oxone, CH2CI2 
p2 p6 p2 p5 
R i A ^ / ^ R 4 J ^ ^ ^ R ^ A ^ 3 o V ^ R ^ 
J3 .Js CF2Br2,CH2CI2 J3 S〇2 I3 
112 111 
Scheme 2. Synthesis of 1,3,5-hexatrienes 112 via Ramberg-Backlund reaction 
The recent discovery53 by Trost that sulfides could be smoothly transformed into 
the corresponding sulfones by oxone without disruption of the double bond offered a 
convenient route to diaIlylic sulfones. The starting materials were the stereochemically 
halides 107 (X = C1 or Br) (Scheme 2). Reactions of allylic halide 107 with sodium 
suKlde in methanol afford the symmetrical sulfides 110a - c, h and j (Rl = R4，R2 = R5， 
R3 = R6) in good yields (Table 2) with no 3\2' substitution products. Alternatively, the 
allyl alcohols 106 could be converted to thiol acetates 108 via the Mitsunobu reaction^^ 
with thioacetic acid in the presence of triphenylphosphine and diisopropyl azodicarboxylate 
29 
Table 2. Yields (%) of sulfides 110 and sulfones 111. 
Entry Sulfide 110 Sulfone 111 
a x ^ v ^ s " " ^ ^ ^ 89 / ^ ^ ^ S ^ " ^ ^ ^ 82 
O2 
b Y " S ^ 97 • V g p f 90 
^ /^^::^S*^""^^^^=^ 88 > M ^ ^ . ^ - - ^ ^ 84 
I 
d P h - ^ ^ ^ ^ S ^ ^ ^ 93 P h ^ ^ s p ^ 86 
e Ph^^^v^s"""^==^ 93 P f T ^ " = V ^ s " " ^ ^ ^ 89 
•2 
f Ph-^"=V^S-^>^ 87 P h " ^ " V ^ S " " Y ^ 90 
〇2 
g P h ^ ^ ^ ^ 5 ^ S " " " " ^ 91 P r r " ^ = = ^ g ^ " ^ ^ 95 
h Ph^^==^S-"^^^Ph 84 P h ^ ^ ^ ^ g " " ^ - ^ P h 89 
, P h ^ ^ ^ ^ S ^ " " ^ P h 80 P h ^ ^ ^ ^ ^ P h 80 
〇2 
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Table 2. (Continued) 
Entry Sulfide 110 Sulfone 111 
. P h ^ ^ ^ 3 ^ q / \ ^ P h 93 P r K = = ^ S ^ * * " ^ P h 98 
J s 62 
k P h ^ ^ ^ ^ S ^ " ^ S i M e 3 87 P h " ^ = ^ g ^ ^ ^ S i M e 3 89 
I P h ^ ^ = ^ S / v ^ S i M e 3 84 P h ^ = ^ s / x ^ S i M e 3 90 
� 2 
% 
(DIAD). In situ cleavage of the acetyl moiety of 108 with potassium hydroxide in 
methanol followed by allylation of the resulting thiolates with stereodefined allyl halides 
109 (X = Br or C1) provided the unsymmetrical sulfides 110. It was noteworthy that the 
stereochemistry of the double bonds was retained during these transformations. Thus, 
coupling of (E)-cinammyl chloride 107 (Rl = Ph, R^ = R^ = H, X = C1) with sodium 
sulfide afforded the symmetrical di-(£)-cinammyl sulfide 110h (R^ = R^ = Ph, R^ = R3 = 
R5 = R6 = H) in 84% yield (Jtrans = 15.7 Hz) (Figure 2). Similarly, the symmetrical di-
(Z)-cinammyl sulfide 110j (R^ = R^ 二 Ph，Rl = R3 = R^ = R^ = H) could be obtained in 
93% yield (Jds 二 U.4 Hz) from (Z>cinnammyl chloride 107 (R^ = Ph，Rl = R^ = H，X = 
C1). On the other hand，reaction of (Z)-cinammyl chloride with the thiolate of (E)-
cinammylthiol acetate 108 (Rl = Ph, R^ = R3 = H) gave the (E,Z)-sulfide 110i (Rl = R^ 
=Ph, R2 = R3 = R4 二 R6 二 H) with retention of double bond geometries at both ends 
i ！ 
I {Jtrans = 15,1 Hz, Jds = H.4 Hz). Both the symmetrical and unsymmetrical sulfides could 
be converted into the corresponding sulfones 111 with retention of double bond 
geometries by oxone in dichloromethane or methanol in exceUent yields. 
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Figure 2. ^H and ^^C NMR spectra of the stereoisomeric sulfides 110h, i and j 
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Figure 3. ^H and l3c NMR spectra of the stereoisomeric sulfones l l l h , i and j 
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The structural identity and stereochemical purity of both of the sulfides 110 and 
sulfones 111 could be confirmed by their ^H and 13c NMR spectra (Figure 2 and 3). 
Although there is little difference between the !H and 13c NMR spectra of the sulfides 110 
to those of the corresponding sulfones 111. The methylene protons adjacent to the sulfur 
atom in sulfides 110 have a chemical shift value of 5 3.14 - 3.00 ppm in ^H NMR 
spectrum and 5 38.1 - 28.6 ppm in l ^c NMR spectrum, whereas those of corresponding 
sulfones 111 experience a down field shift to 4.10 - 3.60 in lH NMR and 59.9 - 50.8 in 
13C NMR. 
3.2.3. The Stereochemistry of the Ramberg-Backlund Rearrangement of 
Dial ly l ic Sulfones 
R4 R3 R4 R2 
R 5 ^ Y ^ S 0 2 ^ A ^ R i ——-R5^yk:^^^^^Ri 
R « . R 2 R 6 R 3 
111 112 
Having secured a convenient entry to stereochemically pure diallylic sulfones, we 
began to look into the stereochemistry of the Ramberg-Backlund rearrangement. Treatment 
of the sulfones 111 with dibromodifluoromethane in the presence of KOH/Al2O3 in 
dichloromethane at 0°C gave uneventfully the geometrically defined trienes 112 in good 
yields (Table 3) in all the examples shown apart from entry j . The issue of stereochemistry 
of the resulting trienes was resolved in the following manner. For the symmetrically 
substituted l,3,5-hexatrienes 112a - c, h andj, the coupling constants between the two 
olefinic protons of the central carbon carbon double bond cannot be determined because of 
their chemical shift equivalence. The spectroscopic and physical properties of these trienes 
are consistent with the literature values reported for the respective known geometrical 
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Table 3. Olefinic coupling constants (VcH=cH) and yields (%) of substituted 1,3,5-hexatrienes 112 
Entry Trienes 112 Central C=C Tenninal C=C Yield (E:Zratio Ref. 
J^  of mtemal C=C) 
a X^ ^^ ::<x^ !^55>/"^ 5^:;x^  - a 84 (>95:<5) 59 
b "=V^^=55x^ - - 90 (>95:<5) 59c 
C x k x - ^ ^ ^ ^ - - 82 (75:25) -
d ph^^^5jx-^^:^^ a 9.2, 15.2, 15.6 86 (>95:<5) 60 
nk/^5:^:/==5^tx^"^ 15.0 14.9, 15.6 88 {>95:<5) 61 e Pn V V 
f P h ^ < V ^ ^ ^ 15.1 15.6 92(>95:<5) -
g Ph^ "^^：：^"^""^：^>^^^^ 14.7 15.5 87 (87:13) 45 
h Ph^ "^^ =^^ ^^ """^ =^:t^ "^^ Ph - 15.6,15.6 89 (>95:<5) 62 
：' 
i prr^ "^"==^ "^^ "^ =^ "^""^ p^h 15.5 11.3,15.5 90 {>95:<5) 63 
j PfK=x^ "==^ i:<^ ^^ ==^ Ph - 11.0, 11.0 54(91:9) -
k ph^ ^^ 55>^ "^"^ =55><^ "^ SiMe3 14.7 15.5, 18.2 84 (>95:<5) -
I P^K=X^!i5i<x^SiMe3 14 7 11.5, 18.1 89 (90:10) -
a Coupling constant cannot be resolved (500 MHz NMR) due to overlapping signals. 
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isomers having a central double bond with an (E)-configuration and the two terminal 
double bonds with retention of configurations. For (4E)-2,7-dimethylocta-2,4,6-triene 
112c, we were unable to find previous literature data of this compound. To our surprise, 
a 3 : 1 mixture of isomers was formed in this case. Based on the preferential formation of 
the (E)-isomer in all cases studied, we therefore tentatively assign as the major isomer the 
one having the (E)-configuration at the central double bond. For the unsymmetrical trienes, 
the (E)-configuration of the newly formed carbon carbon double bond in each case is 
readily diagnosed by the discrete ^H NMR coupling constants between the pertinent 
olefinic protons. The observed VHC=CH values vary from 14.7 to 15.5 Hz, indicating (£> 
stereochemistry. The other two double bonds，again retain their stereochemical integrity 
during the transformation, in spite of the possible role of an allylic anion in the course of 
the Ramberg-Backlund reaction on hand. The excellent stereoselectivity of the Ramberg-
Backlund reaction could be demonstrated by looking at the ^K and l3c NMR spectra of 
(E，E，E)-, (E,E,Z)- and (Z,£,Z)- 1,6-diphenyl-1,3,5-hexatriene, prepared from the 
respective diallylic sulfones l l l h , l l l i and l l l j (Figure 4). For the symmetrical 
(E,EJET)- and {Z,E,Z)-1,6-diphenyl-1,3,5-hexatrienes 112h and 112j, only seven carbon 
i e-
signals were observed. The unsymmetric (f,E,Z)-l,6-diphenyl- 1,3,5-hexatriene 112i 
f 
I gave fourteen signals. The lH NMR of all three trienes were significantly different. In the 
j symmetric trienes 112h and 112j, the coupling constant of the terminal olefin are 15.6 and 
^ 
11.0 respectively, indicating that the stereochemistry of the terminal C=C bond is retained 
during the Ramberg-Backlund reaction. For the { E , E ^ triene, the coupling constants of 
the these C=C bonds could be identified as 15.5, 15.5 and 11.3 Hz，again confirmed the 




Figure 4. !H and l^C NMR spectra of hexatrienes 112h，i and j 
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3.2.4. Effect of Solvent and Temperature on the Stereochemistry of the 
Newly Formed Double Bond 
While most of the diallylic sulfones afforded trienes with an internal {E)-
configuration, we observed in some cases, that the stereoselectivity of the modified 
Ramberg-Backlund reaction was dependent upon the reaction conditions (Table 4). One 
particularly interesting case is di-(Z)-cinammyl sulfone l l l j , which gave an inseparable 
65 : 35 mixture of diphenylhexa-(lZ,3E,5Z)-triene and diphenylhexa-(lZ,3Z,5Z)-trienes 
when the reaction was performed in dichloromethane solution at 0°C. When the reaction 
was conducted in rerr-butanol at 0。C，the stereoselectivity could be improved to 71 : 29. 
Moreover, when methanol was employed as the reaction solvent, only the (lE,3E,5E)-
isomer was obtained, indicating a substantial loss of stereointegrity of the terminal double 
bonds. It was gratifying that, the desired (Z,EyZ>triene isomer could be isolated in 91 : 9 




Table 4. Effect of solvent and temperature on the stereoselectivity of the Ramberg-
Backlund rearrangement of di-(Z)-cinammyl sulfone l l l j . 
Solvent Temperature ( Z , E ^ : ( Z ^ ^ 
CH2Cl2 ： CBr2F2 = 10 : 1 20°C, 20 min 56 : 44 
CH2Cl2 ： CBr2F2 二 10 : 1 0。C，20 min 65 : 35 
THF : CBr2F2 = 10 : 1 0。C，20 min 53 : 47 
MeOH: CBr2F2 = 10: 1 0°C，20 min (E,E,E) only 
r-BuOH : CBr2F2 二 10 : 1 0。C，20 min 71 : 29 
• 
r-BuOH: CBr2F2 = 1 : 1 -78°C, 20 min 91 : 9 
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ratio in favour of the (Z^^)- isomer when the reaction was conducted at -78^C in tert-
butanol : CBr2F2 (1 : 1) solution. It is therefore possible to maintain a high level of 
stereocontrol in these trienes formation .by judicious choice of solvent and temperature in 
executing the Ramberg-Backlund reaction. In our experience, CH2Cl2 is the most 
convenient choice of solvent for di-(E)-allylic sulfones. However, in terms of 
stereoselectivity and product yields, r^rr-butanol becomes a better solvent if any of the 
allyllic moieties in the diallylic sulfone has a (Z)-configuration. The only drawback of 
using f^rr-butanol is that it solidifies below 20°C and therefore one volume equivalent of 
CBr2F2 is required as a cosolvent for reactions performed at low temperatures. 
3,2.5. Total Synthesis of Galbanolenes 
j 
Having developed a stereoselective synthesis of 1,3,5-hexatriene, we • 
demonstrated the use of the Ramberg-Backlund reaction protocol to the syntheses of two 
natural products，(3E,5f)-l,3,5-undercatriene 122 and (3E,5Z)-l,3,5-undecatriene 123， 
also known as galbanolenes. They were isolated from essential oils of both Galbanum and 
the Hawaiian seaweed Dictyopteris.^^ 65 Both isomers are known to exhibit interesting 
olfactive properties and are widely used in the perfume industry. A number of preparative 
methods for galbanolenes had been reported in the l i t e r a t u r e .66 Most of the syntheses are 
non-stereoselecdve and mixtures of stereoisomers are formed. Our method started from the 
acetylenic alcohol 113 (Scheme 3), which was prepared from the reaction of the dianion of 
propargylic alcohol with 1-bromopentane in liquid ammonia in 64% yield. Stereoselective 
reduction of 113 with LiAlH4 afforded the (£>allylic alcohol 114 in 90% yield and 95% 
(£)-selectivity. Alternatively, treatment of 113 with zinc in aqueous methanol afforded the 
(Z)-isomer 115 in 90% yield and >98% (Z)-selectivity. These allylic alcohols were 
stereospeciflcaUy transformed into their respective allylic thioacetates 116 (92% yield) and 
117 (87% yield) employing Mitsunobu reaction (triphenylphosphine, DIAD, thioacetic 
acid). Deacetylation followed by allylation of the resulting thioiates gave the diallylic 
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sulfides 118 (90% yield) and 119 (82% yield), which were then subjected to oxone 
oxidation to afford the corresponding sulfones 120 (93% yield) and 121 (87% yield). 
Treatment of these sulfones with dibromodifluoromethane in the presence of KOHMl2O3 
in dichloromethane at 0。C gave the natural trienes 122 [93% yield and >95% (£> 
selectivity] and 123 [87% yield and 91% (E)-selectivity], respectively. These compounds 
showed identical spectroscopic properties to those reported in the literature.67 The separate 
synthesis of both the (3£,5£：)- and (3E,5Z)-isomers was thus achieved with high overall 
yields (37 and 33% respectively from propargyl alcohol) and very high diastereoselectivity 
HCECCH2〇H 
1)LiNH2, NH3{l) 
2)fvC5HiiBr iiAlH^ \ 
、’ _ 4 ^ / v ^ ^ ^ ^ ^ > v ^ ^ / ^ : ^ ^ O H 114 
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Scheme 3. Total synthesis of natural product Galbanolenes (122 and 123) 
• 
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(>90%) from inexpensive starting materials and reagents. The modified Ramberg-
Backiund reaction is therefore a very powerful and efficient synthetic tool for the 
stereocontrolled synthesis of conjugated trienes. 
3.3. Conclusions 
In this chapter, we presented a rapid route to stereochemically defined (E，E,E)-’ 
{ E , E ^ ' and (Z^^-conjugated 1,3,5-trienes and its application to the synthesis of natural 
products Galbanolenes, The synthetic transformation utilizes readily available (£> or (Z)-
allylic halides or alcohols as starting materials. The synthesis of the requisite sulfone is 
facile and the reactions can be performed in large scale. Most importantly，we showed 
unambiguously that the double bonds of stereochemically defined diallyl sulfones retain 
their stereochemistry and the newly formed central double bond has an (E)-configuration in 
our modified Ramberg-Backlund procedure. This stereochemical outcome was similar to 
the" case of dibenzyl sulfones which we reported earlier.^^ 
I 





Chapter 4. Enediynes 
4.1. Preparation of 3-Ene-l,5-diynes 
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The naturally occuring enediyne family such as calicheamicins, dynemicins and 
esperamicins is an important new class of antibiotics all containing the novel hex-3-ene-
l,5-diyneskeleton.6d,68 Inspired by these fascinating structure and their special biological 
i 
activity, extensive research work has been devoted towards the design and synthesis of 
these molecules and their simplified functional models. Invariably all of these work 
evolved around the development of new synthetic methodology for the key enediyne unit, 
which is believed to be the warhead responsible for the cleavage of DNA molecules. The 
active species involved in the cleavage mechanisim is believed to be a benzenoid diradical, 
fornied via the Bergman cyclization of the precursor enediyne.69 
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The main strategy for the assembly of the enediyne unit is paUadium or paUadium-
copper co-catalyzed coupling reaction between terminal acetylene and l,2-dihaloaU^ene 
because a higher stereocontrol could be achieved by this method. Thus, (Z)- and {E)-
enediynes 124 and 125 could be prepared by the stereospecific palladium-copper co-
catalyzed coupling of two different terminal acetylenes to stereochemically defined (Z)- or 
{E)-1,2-dichloroethene70 As akeady being described in Chapter 3, the resulting enediynes 
124 and 125 could be used to synthesize stereochemically defined l，3，5-hextrienes.40，41 
I I 
1)Rl^,Pd(PPh3)4 / = v 
f = s ^ Cu(l). BuNH2 / / \ \ 
CI CI ~ ： ^ ' / \ 124 
2) R 2 _ ^ , PdCI2(PhCN)2 p1 p2 
piperidine 
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2) R 2 ~ = , PdCI2(PhCN)2 ^ ^ R2 
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It was also found71 that £-chloro enynes 126 could be metallated by n-BuLi to 
give the corresponding lithiated a-chloroenyne 127. In situ trapping of 127 with iodine 
afforded stereospecifically (Z)-1 -chloro-1 -iodoenyne 128. Coupling of 128 with terminal 
aUcyne in the presence of piperdine and catalytic amount of Pd(PPh3)4 and CuI gave 
chloroenediyne 129. Further coupling of the chloroenediyne 129 with another terminal 
aUcyne in the presence ofPdCl2(PhCN)2 and CuI in pipetdine afforded geometricaUy pure 
enetriyne 130 in moderate to good yields. 
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Similar synthetic approaches involving palladium-copper co-catalyzed coupling 
reaction between 1,2-dihaloethenes and terminal acetylenes had also been reported by 
Myers,72 Haseltine73 and Kadow.74 
Danishefsky recently reported a StiUe type cross coupling reaction between cis-
l,2.-distannylethene 131 with bis(l-iodoaUc-l-yne) 132.75 The resulting cyclic enediyne 
133 was later to convert to the anticancer agent dynemicin A. 
/ = \ ^ V " i ^ Pd(PPh3)4_ ^ " ^ ^ l 
(CH3)3sK sn(CH3)3 + :^^Lyj — “ i ^ < i ^ : 
131 132 133 
The second synthetic approach to enediyne involved the anchoring of two carbon-
carbon triple bond first and the latent olefinic double bond was subsequently unravelled by 
an elimination process. For example, the diacetylenic diol 135，readily prepared by a 
double nucleophilic addition to l,2-dicarbonyl compounds 134, underwent Kuhn-
, 44 
參 
Winterstein reductive elimination to give the (E)-enediyne 136 as the main productJ^ 
together with a trace of the (Z)-isomer 137. 
Y ^ ^ R f ^ ^ Y ^ + R y ^ 人 “ R ^ — < ^ 人 + ^ ^ 
134 135 136 137 
Another workable route to cyclic enediyne was based on the Co rey - W i n t e r ^ ^ 
elimination reaction of 1,2-diols via thionocarbonates. The dianion of l,5-hexadiyne-3,4-
diol acetonide 138，reacted with l,n-diiodoalkane to give the macrocycle 139. 
Subsequent functional group conversion of the acetonide functionality to the 
thionocarbonate 140，foUowed by Corey-Winter f ragmentat ion^Tb then afforded the cyclic 
enediyne 141 in good yields. 
y ^ Q ^ ^ ^ / = V camphor V\0->^.y^^^ \ 
X Y ^ n-BuU 、 v ^ 了 (CH2)n s—nicaci: ^ (CH2)n 
0 « ^ - ^ ^ ICH2(CH2)nCH2l 0 ' ' ' N ^ _ / H C N v = _ / 
138 139 
0 - ' - 0 s K ^ Y ^ C H . ^ 〔 y O c H 2 ) n 
^ o - N = _ _ y ^ \ = ^ 
140 141 n = 2,3 
Instead of starting with the 1,2-diketone 134 shown above, the reaction could be 
i I 
I modified to utilize cyclic ketone as the starting material. Thus, 2-isopropoxymethylene-
I cyclohexanone 142’ reacted with lithium acetylide followed by hydrolysis to give 2-
ethynyl- 1-cyclohexenecarboxaldehyde 143. Wittig olefination of the aldehyde moiety with 
. 45 
, 
chloromethylenetriphenyl-phosphorane led to the highly unstable compound 144，which 
underwent based-catalyzed dehydrochlorination to give 145.78 
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Another eliminative approach made use of the p-toluenesulfonate of hexa-1,5-
diyn-3-ol 146 (R = OTs) as the starting material7^ This compound reacted with excess 
l,5-diazabicyclo[4.3.0]non-5-ene to yield a separable mixture (£)-147 and (Z)-enediyne 
148. The stereoselectivity of the reaction, however, was rather poor (147 : 148 = 60 : 
40). 
/Z^: ~ / Z + ' A 
146 147 148 
Similarly, zinc-mediated coupling of propargylic bromide to conjugated ynone 
149 gave the diacetylenic alcohol 150, which could be transformed to the enediyne 151 
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Jones81 developed a mild and efficient route to the enediyne unit, via a novel 
carbenoid coupling reaction. Thus, when trimethylsilylpropargyl bromide 152 was 
exposed to lithium hexamethyl disilazane (LiHMDS), the (Z)-enediyne 154 was formed as 
the major product. The reaction was believed to involve the intermediate 153. 
. 「 y T M S 1 ^ M S 
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Finally, the Ramberg-Backlund reaction had been put into good use by 
N i c o l a o u 8 2 for the conversion of cyclic a-chloro-dipropargylic sulfones into the 
^ ~ = ~ \ Na2S-9H2O / ~ 三 ~ \ 
e L 二 (/CH2)n - ~ ~ - S\ 二 (CH.). 
I 155 (n = 2 - 8 ) 156 
ci\, _ 、 ^ ^ ^ 
1)MCPBA / ~ = " " ^ \ f-BuOK r ^ \ , ^ 
」 ^ SO2 (CH2)n ~ " ^ 7 7 ^ I (/CH2)n 
2) SO2CI2 \ ~ = ~ > ^ f orMeU X ^ / 
pyridine (20 - 80%) ' ^ ^ x y 
157 158 
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corresponding enediyne arrays. Thus, the dibromide 155 was first reacted with sodium 
sulfide to give the cyclic sulfide 156. Oxidation and a-halogenation of 156 gave the 
corresponding a-chloro-substituted sulfone 157, Ramberg-Backlund reaction on 
compound 167 then gave the monocyclic conjugated enediynes 158. 
4.2. Results and Discussion 
The successful application of our modifed Ramberg-Backlund procedure for the 
formation of conjugated trienes from diallyl sulfones^ prompted us to examine similar 
reaction on the dipropargylic counterparts with the goal to gain direct access to the enediyne 
I unit without resorting to the prior preparation of the a-halosulfone precursors in a separate 
t 
step. After several experimental attempts, we discovered that dipropargylic sulfones were 
indeed submissive to our Ramberg-Backlund reaction conditions to provide an easy entry 
to chromatographically separable {E)- and (Z)-hex-3-ene-1,5-diynes in good yields. 
Ri _ PPhg. DEAD p i^ — PPh3, C B r 、 ^V — 、 
— ^ S A c ‘ cH3COSH 一 \〇H “ : , Br 
160 3 159 161 
\ ^ O H ’ MeOH Na2S, M e O J ^ 
\ ^ ' - = ^ R 2 = R y / 
\ ^ R ^ v n ' Z 
, ^ oxone , H 
R ^ ~ = ~ s ^ / ~ = - R 2 ^ R i ^ ~ V > = C = C H 2 
S MeOH S〇2 
162 (R2=H) 165 
oxone 
R i ~ = ~ V / ~ = — R 2 KOH on AI2O3^ ^ ^ ~ ~ ^ " " ^ 一 
S〇2 CF2Br2, CH2CI2 ^ = - R2 
163 164 
Scheme 4. Synthesis of enediynes 164 via Ramberg-Backlund reaction 
4 8 
Lidividual propargylic alcohol 159 was chosen as the starting materials for each 
reaction sequence in our scheme (Scheme 4). These alcohols were either transformed into 
• 1 
the corresponding propargylic thiolacetate 160 using the Mitsunobu r e a c t i o n 5 8 with 
thioacetic acid in the presence of triphenylphosphine and diethyl azodicarboxylate, or into 
the corresponding bromide 161 by reaction with triphenylphosphine and carbon 
tetrabromide. Coupling of 161 with sodium sulfide in methanol furnished the symmetrical . 
sulfides 162 ORl = R2) in good yields. On the other hand, reaction of propargylic bromide 
with the thiolate generated in situ from the thiolacetate 160 afforded the unsymmetrical 
dipropargylic sulfides 162 (Rl ^ R^). The displacement of bromide in these reactions 
• 
i 
took place exclusively on the propargylic carbon with no detectable formation of allenic 
I 
product arising from an SN2' process. Oxidation of the dipropargylic sulfides 162 by 
( . 
oxone in dichloromethane gave high yields of the corresponding sulfones 163. It is ：•• 
noteworthy that i f hydroxylic solvents such as methanol were employed in the oxidation of 
i' 
the sulfide 162 bearing a terminal acetylenic moiety，rean*angement occurred extensively to I-
give the allenylic propargylic sulfone 165. | 
！‘ 
Subjecting the dipropargylic sulfones 163 to our previously described modified 
Ramberg-Backlund reaction protocol (CBr2F2, KOH-on - A l 2 O 3 , rerr-butanol)^ invariably 
led to intractable reaction mixtures, indicating the unsuitabiHty of the use of a protic solvent .、 
for these sulfone substrates in our reaction. However, when dichloromethane was used in |： 
I 
place of r^rf-butanol, the reaction of each of these sulfones proceeded smoothly at -10°C to 
give a readily separable mixture (= 1:1) of the (E)- and (Z)-enediynes 164 in good to high 
yields (Table 5). For the enediynes synthesized in this series, the (^)-isomers had 
consistently larger Rf values than those of the corresponding (Z)-isomers and each pair 
were easily separated by flash column chromatography over siUca gel. The configurations 
of the newly formed double bond in the unsymmetrical enediynes were readily diagnosed 
























































































































































































































































































































































































































olefinic protons, respectively. The lH and 13c NMR spectra of (E)- and (Z)-enediynes 
164a were showed in Figure 5. For the symmetrical enediyne where Rl = R^ = A2-C5H11 
or Ph，the stereochemistry of two double bonds was resolved by comparison of their 
physical and spectroscopic properties to those reported in the Hterature.^^' 84，85 
Examination of Table 5 revealed that the stereoselectivity of this reaction was 
rather poor, even though different solvent systems and reaction temperature had been tried 
in order to optimize the selectivity. Nevertheless, we have demonstrated the applicability of 
our Ramberg-Backlund reaction protocol in assembling the hex-3-ene-1,5-diyne unit from 





Figure 5. ^H and 13c NMR spectra of (E)- and (Z)-enediyne 164a , 
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Chapter 5. 1,3,5,7-Octatetraenes 
5.1. Preparation of 1,3,5,7-Octatetraenes 
ft 
Similar to conjugated triene, conjugated tetraene is also an important structural 
unit in various classes of natural p r o d u c t s . 8 7 In contrast, there are far fewer general 
strategies for the stereocontrolled construction of the tetraene unit. This is mainly due to 
the instability and the facile (E)-{Z) isomerization of tetraene s y s t e m . 8 8 
The Wittig reaction had been utilized for the synthesis of tetxaenes. As expected, 
this methodology invariably gave mixture of geometrical isomers. For example, the Wittig 
reaction of (2^,4E)-heptadienal 166 with 2-butynylidene triphenylphosphorane resulted in 
a geometrical mixture of isomers 167 and 168.89 Separation of the isomers followed by 
stereoselective reduction of the triple bond moiety by zinc-copper couple then furnished the 
〇 
• «x^\^::;^>>v:?:=^\«^H + ~ = - C = P(C6H5)3 
166 
1 f 
^ ^ " " ^ " " " ^ 〜 _ ) ^ ^ ^ ^ ^ ^ ^ ies 
^ ^ ^ . . ^ > ^ ^ ^ - ^ = ^ 168 _ H / H 2 0 ' / ^ ^ ^ ^ : ^ ^ ^ : K _ ^ / = ^ 170 
〇 
^ ^ ^ / ^ " " = = ^ H + - ^ C = P ( C 6 H s ) 3 
171 
^^ : ^ ! ^ ^^^^ " " " " " ^ ^^ " " " " " ^ ^^^ 172 Zn (Cu/Ag) ~ \ o = x " " = ^ ^ ^ ^ " " ^ ^ : x ^ ^ = \ 174 
_ ^ ; ^ " ^ " ^ ^ ^ 173 M — ^ ^ _ / ^ : ^ ^ / ^ ^ ^ 175 
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• 
conjugated tetraenes 169 and 170. By replacing 166 with (2E)-hepten-4-ynal 171, a 
mixture of 172 and 173 was fonned. The (4Z,6E)-isomer 173 was later converted to 
Giffordene 175, a hydrocarbon isolated from the marine brown algae Giffordia 
mitchellae.90 
In a synthetic study of polyenes, Zechmeister91 utilized combinations of 
nuclephilic displacement reaction, oxidative coupling, base-catalyzed isomerization and 
stereoselective reduction to prepare the geometrical isomers of 1 ,8-diphenyl-l ,3,5,7 ... 
octatetraene. Thus, condensation of either the Grignard or lithium reagent of 
phenylacetylene with 1,4-dibromo-(2E)-butene gave crystalline 1,8-diphenyloct-4-ene-l,7-
diyne 176. Base-catalyzed isomerization of 176 with methanolic potassium hydroxide 
PhC=CX BrCH2CH=CH2CHBr 


















afforded a single stereo isomer of l,8-diphenylocta-3,5,7-trien-l-yne 177. On the other 
hand, two other isomeric 1,8-diphenyloctatrienynes 178 and 179 could be obtained by ‘ 
copper-catalyzed coupling of styrylacetylene. Finally, controlled partial reduction of the 
triple bond(s) over Lindlar catalyst furnished the isomeric l,8-diphenyl-l,3,5,7-
octatetraenes 180，181 and 182. These (Z)-containing isomers were extremely labile to 
light and heat, and on irradiation they converted immediately into a complex mixture from 
which all (E)-diphenyloctatetraene 183 could be isolated. 
The palladium copper co-catalyzed coupling reaction had also been used for the 
stereoselective construction of t e t r a e n e s . 9 2 Thus, a short synthesis of the {E,Z,E,Z)-
tetraene 186 was realized by sequential coupling of 1-heptyne and enyne 184 to (£)-1,2-
dichloroethylene followed by selective 5yn-reduction of the triple bonds of the resulting 
coupling product 185 by activated zinc. 
1) ="CsHi i C5H1iv^ ^^ ^ 
C 〜 C | P:h3)4.cul , ^ ^ ^ ^ ^ O H 




C s H i : ^ _ ^ ^ ^ ^ ^ / = v ^ ^ ^ ^ O H 
186 
Alternatively, if the acetylenic partner was a propargyl alcohol, selective reduction 
with Red-Al led to the corresponding (E)-allyl alcohol 187. Further coupling with another 
terminal acetylene gave 188 and then selective jyn-reduction of 188 afforded the 
(E,EyZ^)-tetraene 189. This method could be applied to an efficient convergent synthesis 
of lipoxin B4.93 
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‘ 
OH OH ^=^x^J^CsHii 
C s H . ^ + C 〜 C I 1 )P-3 )4 ,Cu l , O s H . ^ ^ ^ ^ ^ ^ ^ C I ——— 
2) Red-Al 187 PdCI2(PhCN)2, 
Cul, piperdine 
OH 
C 5 H 1 A ^ ^ ^ ^ ^ ^ > : ^ Z n ( C _ ) . OH ? H 
^""^v:^=^^^。5H”MeOH/H20 〇5"” "^^ ；：：=^ ^^ ^^ ^^ =^ ^^ "^ =/"^ ^^ 。5日” 
188 OH 189 
• 
The all (E)-tetraene 183 could also be prepared by the palladium-catalyzed 
coupling between vinylbromide 190 and conjugated triene 191，although in about 15% 
yield.94 
p , x ^ B r ^ ^ v ^ ^ ^ \ ^ P h Pd(OAch, P(o-toib^ P^^ :^^^=^v^^ :^ "v^Ph 
^" + Et3N 
190 191 183 
An interesting [2 + 2] cycloreversion method was described by Paquette to 
construct the all (E)-isomer of 1,8-diphenyl-1,3,5J-octatetraene 183.95 Thus, endo, 
enti<9-7,8-diphenylbicyclo[4,1.l]octa-2,4-diene 192, on irradiation, gave the tetraene as a 
yellow crystaUine precipitate (46%). 
H 
C H ^ J ^ r ^ 
6 5 V ^ hV • k;:«/^ v^«^^ \^^ i^ \^ ;;;:==^V^ j^:^ ^»VYX^ 
CsH^ Y ^ l L ^ 
H 192 183 
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Finally, M e s t r e s 9 6 studied the regioselectivity of the addition of lithium 
trienediolates generated from hexa-2,4-dienoic acid 193 to a,p-unsaturated ketone 194. 
Equilibrating condition favoured aUcylation of the trienediolate through the co carbon to give 
the 1,2-addition product 195，which underwent a facile acid-catalyzed dehydration to give 
a geometrical mixture of retinoic acids 196，from which the all (E)-isomer was isolated 
after iodine-catalyzed isomerization of the double bond units. 
R2 Ri R' Ri 
/ ^ / ^ ^ _ + p / ^ ^ o ” L D A 、 ^ c : ^ ^ ^ 4 ^ > ^ ^ ^ > ^ _ 
2) H2O n OH 
1 9 3 194 1 9 5 
aRi=R2 = H ^ |H3O^ . 
bR i = R2 = Me R = r ^ T ^ 
cRi=Me,R2 = H ‘ ^ ^ e ll2 
Me 
or <-^W^ R2 R1 
MeO "S^Me P« / ^ ^^ : : ^ ^ ^^ / ^ ^« / ^x^C〇2H 
Me 
196 
5.2, Preparation of 1,3,5,7-Octatetraenes Using the Ramberg-Backlund 
Reaction 
The Ramberg-Backlund reaction has never been put into the synthesis of 1,3,5,7-
octatetraene before. The high instability and facile geometrical isomerization of the tetraene 
units obviously impose additional problems for their stereoselective construction. Similar 
to the preparation of 1,3,5-hexatxienes, there are several routes to arrive at the tetraene 
skeleton. Based on our own experience in the preparation of conjugated triene, we 
envisaged that the dienyl bis(sufone) 197 approach is doomed to give fragmentation 
products, therefore this approach was not attempted. 
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R i ^ s 〇 r ^ ^ ^ ^ ^ " ^ ^ s 〇 。 R 2 R i > v ^ ^ \ r ^ ^ ^ \ ^ ; ^ ^ \ ^ R 2 
1 9 7 
，，KOH = = 
^ -R2cH2scv 、 / C ^ \ 
R i 々 s o r ^ ^ ， 。 R 2 R i ^ s o f ^ ^ ^ ^ ^ ^ ^ N u : 
fragmention product 
The workable procedure reported here started with an allylic dienylic sulfone 
199，with three of the four double bonds already in place and the fourth one to be realized 
by a Ramberg-Backlund procedure. This disconnection approach relied on the 
stereocontrolled synthesis of an allyHc dienylic sulfone 199，which was in tum secured on 
a stereocontroUed preparation of dienylic haUdes 198. 
R1X^<=^^^^^^X . 
198 一 R i / ^ = ^ S O r ^ ^ ^ ^ ^ ^ R 2 ~ ^ R i v ^ ^ ^ \ ^ : ^ > v ^ ^ ^ \ ^ R 2 
R 2 / ^ ^ : ^ X 199 
, 
5.3. Results and discussion 
There are two general approaches for the assembly of allylic dienylic sulfides 210 
(Scheme 5). One makes use of the coupling reaction between a stereodefined dienyHc thiol 
206 to a geometrically pure allylic halide 207. The alternative is to couple an allylic thiol 
209 to a dienyHc halide 204. These two procedures invariably demanded a stereoselective 
preparation of dienyl alcohol 203，the common intermediate for the requisite halide 204 
and thiol 206. Several synthetic methods were tried. In the end, the dienyl alcohol was 
secured by the Wittig reaction. The starting material was the aromatic aldehyde 200 (R == 
H or Me). Reaction of 200 with phosphonium ylide 201 afforded the dienylic esters 202 
in good (E)-selectivity. Reduction of ester functionaHty with DIBAL went uneventfully to 
58 
• 
fumish the dienylic alcohol 203 in quantitative yield. This dienylic alcohols 203 was 
converted to the thiol acetate 205 via the Mitsunobu reaction with thiolacetic acid in the 
presence of triphenylphosphine and diisopropyl azodicarboxylate QDIAD) or it could be 
converted to the corresponding dienyHc chloride 204 by reaction with thionyl chloride. In 
situ cleavage of the acetyl moiety of 205 with potassium hydroxide in methanol followed 
H 
< j : ^ Y ^ ^ ^ Y ^ O P^3P=CHCO2Et 201 |<^^^"Y""^V^^^C02Et D|BAL^ 
^>x^ R 92% U ^ R >95% 
200 202 
^^^^ "^^ J^ ""^ ^^V""""^ "^^ OH SOCI2 f«^ "^"Y"^ ^^ ：^ |^ ^^ ^^ ^^ ：^^ C^I 




( < ^ Y " V ^ ^ S A c KOH f ^ ^ V ^ " " ^ S H 1 
k ^ R " ^ ^ R \ R2 X CI 
205 206 \ V ^ 207 
\ R3 R3 ‘ 
f ^ ^ ^ ^ Y V " " " ^ ^ s " " Y ^ R 2 
Ri Ri f ^ ^ Y ^ r ^ ^ ^ C I ^ R 210 R1 
R 2 ^ Y ^ S A C KOH ^ ' y J ^ S H K J j < ^ ^ ^ ^ . ^ 
•3 *" p3 - " " " ^ ' ^ 
R MeOH ^ 
208 209 
oxone 
R^  R3 
«J：；^?v«««^<^^•^5；：；^x^^^ =^：：:：：^^^^•=^：:：：/"^xR2 KOH/Al2O3 ^^ :^ =^ "^ Y"^ ^^ =:5>j"^ ""^ ""^ ^^ i^:^ S0PY^R2 
< : ^ R R3 CBr2F2 ^ ^ R R1 
212 211 
Scheme 5. Synthesis of l,3,5,7-octatetraenes via Ramberg-Backlund reaction. 
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by allylation of the resulting thiolate 206 with stereodefined aUyl chloride 207 in benzene 
provided the allylic dienylic sulfide 210 in good yield. Alternatively, coupling of the 
dienylic chloride 204 with the thiolate 209 generated in situ from the allylic thioacetate 
208 afforded the allylic dienylic sufide 210 in good yields (Table 6) with no S^^2' 
substitution products. As expected, the stereochemistry of the double bonds were retained 
during these transformations. The sulfide 210 could be transformed into the 
corresponding sulfone 211 with retention of double bond geometries by oxone oxidation 
in dichloromethane or methanol in excellent yields. FinaUy, treatment of the sulfones 211 
with dibromodifluoromethane in the presence of KOWAl2O39 in dichloromethane at 0°C 
gave the geometrically defined tetraene 212 in good yield with the newly formed double 
bond being (E)-configurated. Examination of the ^^C NMR spectra of the product 
indicated the presence of one single isomer in each case. Thus, the stereoselectivity of the 
reaction was > 95% for this reaction. 
The issue of stereochemistry of the newly formed carbon carbon double bond 
was determined by ^H-NMR spectroscopy. Apart from 212e and f, (£)-configuration of i 
I 
the newly formed carbon carbon double bond in all case was readily diagnosed by large 
3/Hc=CH coupling constants (17.4 - 15.0 Hz) between the pertinent oleflnic protons. The 
i 
other three double bonds, again retained their stereochemical integrity as shown by ^H-
NMR spectroscopy. The ^H and ^¾ NMR spectra of 212b was exemplified in Figure 6， 
together with the coupling constants between the olefinic protons. For the known 
octatetraene 212e, the stereochemistry was resolved by comparing of its physical and 
spectroscopic properties to those reported in the literature.9l’ 94，95 The diphenyl 
substituted tetraene derivatives 212e and f have better stability than the other tetraenes 
toward light and heat The terminal tetraenes 212a and 212b were unstable, they tended 
to decompose in standing at room temperature. Moreover, the decomposition also 































































































Figure 6. !H and l^C NMR spectra of (l£，3E’5£>2，7-dimethyl-l-phenyl-
1,3,5,7-octatetraene 212b 
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5.4 Conclusions 
The stereoselective synthesis of 1,3,5,7-octatetraenes was described. The results 
given here demonstrated that our Ramberg-Backlund protocol could be used to construct 








Melting points were measured on a Reichert Microscope apparatus and are 
uncorrected. IR spectra were recorded on a Nicolet 205 FT-IR spectrophotometer for 
samples as neat films on KBr disk and reported in wavenumbers (cm-l). NMR spectra 
were recorded on a Bruker Cryospec WM 250 spectrometer (250 MHz for ^H and 62.5 
MHz for 13c) OR Bruker ARX 500 spectrometer (500 MHz for lH). A l l NMR 
measurements were carried out at room temperature. Chemical shift are reported as parts 
per million (ppm) in 5 units on the scale downfield from tetramethylsilane (TMS) or relative 
to the resonance of chloroform solvent (7.26 ppm in the ^H, 77.0 ppm for the central line 
of triplet in l^C modes, respectively). Dichloromethane (5 5.32) was also used as intemal 
standard when necessary. Coupling constants (J) are reported in Hz. Splitting patterns are 
described as “s，，(singlet); ‘‘d，’ (doublet); “t,，(triplet); “q，，(quartet); “m,，(multiplet). Mass 
spectra (MS) data were obtained on a Finnegan MAT 95 or VG 7070F mass spectrometer. 、 
Elemental analyses were carried out by Medac Ltd, Uxbridge, U.K. or the Shanghai 
Insititute of Organic Chemistry, or Zhong Shan University, The People's Republic of ‘ 
4 
China. UV-visible light spectra were recorded on a Hitachi U-2000 spectrometer using 
hexane as solvent. 
Part 1: The Synthesis of Alkyl and Ary l Substituted 1,2,3-Butatrienes. 
• 
General Procedure for the Preparation of SiIyl Prop-2-ynylic 
Alcohols 33. Method A. To a stirred solution of the acetylene 32 (6.4 mmol) in dry 
XHF (20 ml) was added n-butyllithium (4.0 ml, 6.4 mmol, 1.6 M in hexane) dxopwise at 
0°C under nitrogen. The resulting solution was stirred at 20°C for 30 min and then cooled 
to -78。C* A solution of the aldehyde or ketone (6.4 mmol) in dry THF (15 ml) was then 
64 
added and the mixture stirred at -78°C for 1 h and then gradually warmed up to 20°C over a 
period of 2 h. The reaction mixture was then poured into ice water and the aqueous phase 
extracted with ethyl acetate (2 x 50 ml). The combined organic solvents were dried 
(MgSO4), filtered, evaporated in vacuo, and purified by flash chromatography on silica gel 
with hexane-ethyl acetate (10 : 1) as eluent to give the silyl prop-2-ynylic alcohol 33 as an 
oil. 
Method B. To a stirred solution of the acetylene 32 (6.4 mmol) in dry THF (20 
ml) was added Az-butyllithium (4.0 ml, 6.4 mmol, 1.6 M in hexane) dropwise at 0。C under 
nitrogen. The resulting solution was stin*ed at 0°C for 30 min and then transferred via a 
syringe to a stirred suspension of anhydrous cerium (m) chloride (6.4 mmol) in dry THF 
(20 ml) at -78。C. After 30 min at -78。C，the aldehyde or ketone (6.4 mmol) in THF (10 
ml) was then added and the mixture stin*ed at this temperature for 1 h and then gradually 
warmed up to 20°C over a period of 2 h. The reaction mixture was then worked up 
foUowing the same procedure as that described in Method A. , 
The foUowing silyl prop-2-ynyHc alcohols were prepared: ‘ 
i 
4-Trimethylsilyltr idec-5-yn-7-ol (33a). (Method B, 84%). IR Vmax 3460 ！ 
• 
(OH), 2966，2185 (C=C), 1665, 1454，1250, 841, 795; l H NMR 5 4.44 - 4.31 (1 H, m, 
7-H), 1.71 - 1.22 (16 H’ m), 0.97 - 0.80 (6 H, m, 1-H and 13-H), 0.09 (9 H，s, SiMe3); 
13C NMR 5 87.5 (C = C), 82.0 (C=C), 63.1 (7-C), 38.6，31.8, 31.3’ 29.0, 25.2, 22.7， 
22.5, 19.6，14.0，13.7，-3.2 (SiMe3); MS (ET) m/z 268 (M+, 2%), 187 (45), 154 (80), 
139 (42), 73 (100); HRMS Calcd for Ci6H32OSi 268,2222. Found 268,2216. 
2,2-dimethyl-6-trimethylsilyInon-4-yn-3-ol (33b). (Method A, 89%). 
IRVmax 3459 (OH), 2958，2221 (C = C), 1672, 1363, 1250, 840, 764; lR NMR 5 3.99 (1 
H, d’ J = 2.1，3-H), 1.78 - 1.71 (1 H，br s，OH), 1.68 - 1.60 (2 H，m), 1.36 - 1.32 (3 H， 
m), 0 93 (9 H, s，f-Bu), 0.88 (3 H, t，J = 6.4，9-H), 0.06 (9 H, s，SiMe3); l3c NMR 5 
65 
88.2 (C=C), 80.5 (C=C), 71.9 (3-C), 35.9, 31.5, 25.4，22.8, 19.6，13.7, -3.1 (SiMe3); 
MS (EI) m/z 240 (M+, 5%), 183 (20), 157 (15), 119 (18), 107 (30)，73 (85), 69 (100); 
HRMS Calcdfor C14H28OSi 240.1909. Found 240.1905. 
1-Phenyl-4- t r imethyls i ly lhept-2-yn- l -o l (33c). (Method A, 72%). IR 
Vmax 3437 (OH), 2966，2184 (C = C), 1640，1450，1250, 842, 699; l H N M R 5 7.60 -
7.28 (5 H, m, ArH)，5,47 (1 H, br s, l -H), 2.47 - 2.37 (1 H, br s, OH), 1.70 - 1.53 (2 
H，m)，1.50 - 1.36 (3 H, m), 0.95 (3 H, t，J = 6.8，7-H), 0.10 + 0.09 (total 9 H, 2 s, 
SiMe3); 13c NMR 5 141.9, 128.3’ 127.9，126.6, 89.8 (C = C), 80.8 (C = C), 65.0 (l-C), 
31.3, 22.8，19.8’ 13.7, -3.2 (SiMe3); MS (EI) mh 260 (M+，18%), 229 (40), 179 (65), 
154 (40), 105 (60)，73 (100); HRMS Calcd for Ci6H24OSi 260.1596. Found 260.1602. 
2-methyl-5-trimethylsiIyloct-3-yn-2-ol (33d). (Method B, 90%). IR 
Vmax3381 (OH), 2958, 2228 (C = C), 1454, 1363，1250，859; l R NMR 5 1.93 - 1.85 (1 , 
H, b r s, OH), L62 - 1.56 (2 H，m)，1.46 (6 H, s, 2 x Me), 1.36 - 1.29 (3 H, m)，0.87 (3 丨 
I 
H, t，J = 6.9’ 8-H), 0.04 (9 H, s, SiMe3); ^^C NMR 5 85.9 (C = C), 84.6 (C = C), 65.5, i 
32.0, 31.4，22.7，19.4，13.7, -3.2 (SiMe3); MS (El) m/z 212 (M+，2%), 154 (38)，139 : 
I (35), 131 (40), 73 (100); HRMS Calcd for C12H24OSi 212.1596. Found 212.1582. 
l -Phenyl - l - t r imethyls i ly ldec-2-yn-4-o l (33e). (Method B, 90%). IR 
Vmax 3416 (OH), 2959, 2221 (C=C), 1458, 1379, 1250，845, 699; !H NMR 5 7.34 -
7.14 (5 H, m，ArH), 4.53 - 4.47 (1 H，m, 4-H), 3.20 (1 H, d，J = 2.0, l -H), 2.45 - 2.25 
(1 H, br s，OH), 1.80 - 1.73 (2 H, m)，1.57 - 1.51 (2 H, m), 1.50 - 1.30 (6 H, m), 0.94 
(3 H, t, J = 6.9, 10-H), 0.10 (9 H, s, SiMe3); ^^C NMR 5 139.2, 128.1, 126.9，125.1， 
85.2 (C=C), 84.1 (C = C), 63.0 (4-C), 38.4’ 31.8，29.3，28.9，25.3, 22.5, 14.0，-3.3 
(SiMe3); MS (EI) m/z 302 (M+，<1%), 228 (15), 203 (20), 188 (10)，130 (20)，105 (22), 
73 (100); HRMS Calcd for C19H30OSi 302.2066. Found 302.2058. 
66 
• • 
2-Methy l -6-pheny l -6- t r imethy ls i ly lhex-4-yn-3-o l (33f). (Method B, 
78%). niVmax 3416 (OH), 2961, 2214 (C=C), 1494，1249, 1020, 852, 699; ! H NMR 5 
7.36 - 7.16 (5 H, m, ArH),4.34 - 4.28 (1 H, m, 3-H), 3.19 (1 H, d, / = 1.9，6-H), 1.85 
(1 H, octet, J = 6.9, 2-H), 1.77 - 1.63 (1 H, br s，OH), 1,05 (3 H, d，J = 6.9，Me)，1.02 
(3 H, d, J = 6.9, Me), 0.07 (9 H, s, SiMe3); l^C NMR (CDCl3) 5 139.3，128.2, 127.0, 
125.2, 86.2 (C=C), 82.5 (C = C), 68.4 (3-C), 34.8，29.5，18.3，17.5, -3.2 (SiMe3); MS 
(EI) m/z 260 (M+, 18%), 219 (15)，170 (20), 155 (35), 147 (40), 105 (100)，73 (90); 
HRMS Calcd for Ci6H24OSi 260.1596. Found 260.1593. 
2,2-Dimethyl-6-phenyl-6- t r imethyls i ly lhex-4-yn-3-ol (33g). (Method 
1 
A, 80%). IR Vmax 3466 (OH), 2958, 2221 (C = C), 1596’ 1364，1250, 1045, 846，701， , 
625; l H NMR 5 7.33 - 7.10 (5 H, m, ArH), 4.15 + 4.13 (total 1 H，2 d, J = 2.0，3-H), , 
j 
3.21 (1 H, d, J = 2.0，6-H), 2.70 - 2.55 (1 H, br s，OH), 1.07 (9 H, s’ r-Bu), 0.10 (9 H, 1 
s, SiMe3); l3c NMR 5 139.3’ 128.1, 127.0, 125.1, 86.0 (C = C), 82.5 (C = C), 71.8 (3- , 
C), 35.9, 29.5, 25,5, -3.2 (SiMe3); MS (EI) mh 274 (M+，35%), 257 (15), 184 (20)，169 ！ 
(55), 105 (70), 91 (10), 77 (18)，73 (100); HRMS Calcd for C17H26OSi 274.1753. ‘ 
< 
Found 274.1746. 
l ,4-Diphenyl -4- t r imethy ls i Iy lbut -2-yn- l -o l (33h). (Method A, 75%). 
IR Vmax 3422 (OH), 1959, 2221 (C = C), 1455, 1377，1251, 850, 843，695; !H NMR 5 
7.70 - 7.19 (10 H, m，ArH), 5.62 (1 H, br s，l-H), 3.28 (1 H, d, J = 2.2，4-H), 2.40 -
2.36 (1 H, br s, OH), 0.09 + 0.10 (total 9 H, 2 s, SiMe3); ^^C NMR 5 141.6’ 139.0， 
128.4，128.1，128.0，127.0, 126.5，125.1, 87.5 (C=C), 82.8 (C=C), 65.0 (l-C), 29.5 
(4-C), -3.2 (SiMe3); MS (EI) m/z 294 (M+，4%)，220 (15), 204 (25), 118 (20), 105 (100), 
73 (65); HRMS Calcd for C19H22OSi 294.1439. Found 294.1428. 
67 
2-Methyl -5-phenyl -5- t r imethy ls i ly lpent-3-yn-2-o l (33i). (Method B, 
83%). IR Vmax 3395 (OH), 2973, 2228 (C = C), 1701, 1497，1455,1251, 843, 695; ! H 
NMR 5 7.37 - 7.12 (5 H, m, ArH), 3.60 - 3.30 ( l 'H , br s, OH), 3.18 (1 H, s, 5-H), 1.63 
(3 H, s，Me), 1.62 (3 H, s，Me), 0.10 (9 H, s, SiMe3); 13c NMR 5 139.2，127.8，126.9, 
125.1, 88.0 (C=C), 82.5 (C = C), 65.6 (2-C), 31.9, 31.8，28.8, -3.3 (SiMe3); MS (EI) 
m/z 246 (M+, 3%), 223 (10)，207 (10)，191 (18)，179 (20), 156 (18), 105 (100), 91 (18)， 
77 (25)，73 (55); HRMS Calcd for C15H22OSi 246.1440. Found 246.1438. 
General Procedure for the Preparat ion of Si ly l Prop-2-ynyl ic 
Acetates 34. A mixture of the prop-2-ynylic alcohol 33 (4.0 mmol), triethylamine (14.0 
mmol)，acetic anhydride (14.0 mmol) and dimethylaminopyridine (100 mg, 0.08 mmol) in 
dry ether (30 ml) was stirred at 0°C for 16 h. The mixture was poured into ice water and 
extracted with diethyl ether (2 x 50 ml). The organic extracts were washed (NaCl saturated 
solution), dried (MgSO4), filtered and concentrated in vacuo. The residue was purified by 
flash chromatography on silica gel with hexane-ethyl acetate (20 : 1) as eluent to give the < 
acetate 34 as a pale yellow oil. i 
The following silyl prop-2-ynylic acetates were prepared: 丨 
4 
4-Trimethylsi lyl tr idec-5-yn-7-yl Acetate (34a). (83%). IR Vmax 2957, 
2228 (C=C), 1746 (C=0), 1454, 1372，1235，1019’ 842; !H NMR 5 5.37 - 5,28 (1 H, 
m, 7-H), 2.06 (3 H, s, CH3CO), 1.74 - 1.54 (4 H, m), 1.45 - 1.20 (11 H, m), 0.90 -
0.80 (6 H, m，1-H and 13-H), 0.04 (9 H, s, SiMe3); l^C NMR 5 170.1 (C=0), 88.3 + 
88.2 (C = C), 78.4 +78.3 (C = C), 65.1 (7-C), 35.3，31.7, 31.2，28.8, 25.1, 22.7, 22.5， 
21.2，19.6，14.0, 13,7，-3.3 (SiMe3); MS 0^D m|z 310 (M+，10%), 295 (40)，211 (30), 
195 (45), 117 (100); HRMS Calcd for Ci8H34O2Si 310.2328. Found 310.2333. 
68 
2,2-Dimethy l -6- t r imethy ls i l y lnon-4-yn-3-y l Acetate (34b). (78%). 
IR Vmax'2959, 2228 (C=C), 1744 (C=0), 1369，1237, 1017, 840; ^H NMR 5 5.07 + 
5.06 (total 1 H, 2 d, J = 2.6，3-H), 2.04 (3 H, s, CH3CO), 1.65 - 1.55 (2 H，m), 1.38 -
1.31 (3 H, m), 0.96 (9 H, s’ t-Bu), 0.85 (3 H, t, J = 7.2, 9-H)，0,03 (9 H, s，SiMe3); i3c 
NMR 5 170.2 (C=0), 88.4 (C=C), 76.9 (C = C), 72.8 (3-C), 35.1, 31.2, 25.7, 22.7, 
20.9，19.6，13.7, -3.1 (SiMe3); MS (EI) m/z 282 (M+, 2%), 209 (8)，183 (18)，167 (60)， 
、 117 (100), 107 (60)，93 (25), 73 (70); HRMS Calcd for Ci6H30O2Si 282.2015. Found 
282.2020. 
1-Phenyl-4-tr imethylsi lylhept-2-ynyl Acetate (34c). (74%). IR Vmax 
2932，2222(C = C), 1743 (C=0)，1456, 1370’ 1229，1016，952, 838，757; ! H NMR 5 
7.62 - 7.40 (5 H , m, A rH ) , 6.56 (1 H, br s, 1-H), 2.14 (3 H，s，CH3CO), 1.80 - 1.40 (5 
H, m), 0.98 (3 H, t，/= 7.5, 7-H), 0.15 + 0.14 (total 9 H, 2 s, SiMe3); ^ ¾ NMR 6 169.8 
I 
(C=0), 138.3，128.5, 128.4, 127.6, 90.8 (C = C), 77.2 (C=C), 66.5 ( l -C), 31.2, 22.8, , 
21.0，19.9，13.7，-3.2 (SiMe3); MS (EI) m|z 302 (M+, 2%), 290 (30), 275 (40), 259 (60)， ， 
202 (40)，170 (55), 149 (75), 117 (80), 105 (80), 73 (100); HRMS Calcd for Ci8H26O2Si | 
302.1702. Found 302.1704. ^ 
4 
2-Methyl-5-tr imethyls i ly loct-3-yn-2-yl Acetate (34d). (92%). IR 
Vmax 2934, 2221 (C = C), 1747 (C=0), 1456, 1370, 1229, 1016，952’ 838’ 757; lR NMR 
5 1.95 (3 H, s, CH3CO), 1.65 (6 H, s，2 x Me)，1.55 - 1.50 (2 H, m), 1.35 - 1.25 (3 H, 
m), 0.82 (3 H, t, J = 6.7, 8-H), 0.03 (9 H, s，SiMe3); l3c NMR 5 169.1 (C=0), 86.8 
(C=C), 82.1 (C=C), 72.9 (2-C), 31.2，29.6, 29.5，22.6，22.0，19.5, 13.7,-3.3 (SiMe3); 
MS (EI) m/z 254 (M+，1%), 239 (25), 196 (18)，167 (42), 117 (100), 93 (20), 73 (20); 
HRMS Calcd for C14H26O2Si 254.1702. Found 254.1709. 
69 
1-Pheny l - l - t r ime thy ls i l y ldec -2 -yn-4 -y l Acetate (34e). (91%). IR 
Vmax 2957, 2221 (C = C), 1736 (C=0), 1452, 1371，1235, 845, 700; ! H NMR 5 7.33 -
7.09 (5 H, m, ArH), 5.53 - 5.45 (1 H，m, 4-H), 3.19 + 3.18 (total 1 H, 2 d, J = 2.0，1-
H), 2.10 (3 H, s, CH3CO), 1.88 - 1.77 (2 H, m), 1.60 - 1.23 (8 H, m), 0.92 (3 H, t，J = 
7.0，10-H), 0.08 (9 H, s, SiMe3); 13c NMR 5 170.0 (C=0), 139.0，128.1, 127.0，125.1, 
86.0 (C=C), 80.8 (C=C), 65.0 (4-C), 35.3, 31.7，29.4，28.8, 25.1, 22.5, 21.0，14.0， 
-3.3 (SiMe3); MS (EI) mlz 344 (M+，<1%), 219 (20), 185 (30), 157 (20)，105 (100)，73 
(40); HRMS Calcd for C21H32O2Si 344.2172. Found 344.2166. 
{ 
2-Methy l -6 -pheny l -6 - t r ime thy l s i l y lhex -4 -yn -3 -y l Acetate (34f). 
(78%). JR Vmax 2966, 2214 (C = C), 1741 (C=0), 1371，1249, 1019，844，700; lR NMR , 
1 
5 7.40 - 7.16 (5 H, m, ArH), 5.41 - 5.35 (1 H, m, 3-H), 3.24 (1 H, d, J = 2.0’ 6-H), ^ 
2.15 (3 H, s，CH3CO), 2.23 - 2.03 (1 H, m, 2-H), 1.12 (3 H，d, J = 7.0, Me)，1.09 (3 H, i 
d, J = 7.0, Me), 0.11 (9 H, s, SiMe3); ^^C NMR 5 170.2 (C=0), 139.1，128.2, 127.0， { 
125.1, 86.6 (C = C), 79.0 (C = C), 69.8 (3-C), 32.6, 29.5，21.0，18.4, 17.7，-3.2 » 
(SiMe3); MS {EJ) m/z 302 (M+, <1%), 260 (30), 244 (25), 170 (20), 155 (65), 129 (40)， ! 
114 (100), 83 (60)，72 (90); HRMS Calcd for Ci8H26O2Si 302.1702. Found 302.1688. ‘ 
4 
2,2-Dimethyl-6-phenyl-6-tr imethyIsi ly lhex-4-yn-3-yl Acetate (34g). 
(90%). IR Vmax 2958, 2222 (C = C), 1744 (C=0), 1466，1369，1237，1017，844，758, 
700; l H NMR 5 7.35 - 7.12 (5 H，m, ArH), 5.25 + 5.24 (total 1 H, 2 d, J = 2.0, 3-H), 
3.21 (1 H, d, J = 2.0, 6-H), 2.12 (3 H, s, CH3CO), 1.08 (9 H, s，r-Bu), 0.08 (9 H, s, 
SiMe3); 13c NMR 5 170.2 (C=0), 139.1, 128.1，127.0，125.1, 86.4 (C = C), 79.3 
(C=C), 72.8 (3-C), 35.2, 29.5, 25.7, 20.9, -3.2 (SiMe3); MS (EI) mlz 316 (M+, <1%), 




l ,4-Diphenyl -4- t r imethy ls i ly lbut -2-ynyl Acetate (34h), (84%). IR 
Vmax2959, 2228 (C = C), 1744 (C=0), 1452，1371, 1228，1025, 845, 759, 699; !H NMR 
8 7.70 - 7.20 (10 H, m, ArH), 6.65 + 6.64 (total lH , 2 d, J = 1.8, l -H) , 3.31 + 3.30 
(total 1 H，2 d, J = 1.7，4-H), 2.16 (3 H, s，CH3CO), 0.11 (9 H，s, SiMe3); l3c NMR 5 
169.8 (C=0), 138.5, 137.7’ 128.7，128.5’ 128.3, 127.5, 126.8, 125.1, 88.3 (C = C), 
79.5 (C=C), 66.3 (l-C), 29.3, 20.8, -3.4 (SiMe3); MS (EI) mh 336 (M+，2%), 294 (95), 
278 (25), 204 (75), 107 (80), 73 (100); HRMS Calcd for C21H24O2Si 336.1546. Found 
336.1546. ‘ ‘ 
2-Methy l -5 -pheny l -5 - t r imethy ls i l y lpen t -3 -yn-2 -y l Acetate (34i). 
(79%). ERVmax 2985, 2256 (C=C), 1736 (C=0), 1375, 1246, 1047，913，843, 735; ^H . 
( 
N M R 5 7.33 - 7.12 (5 H，m, ArH), 3.18 (1 H，s, 5-H), 2.11 (3 H, s，CH3CO), 1.74 (3 ^ 
H, s, Me), 1.72 (3 H, s, Me), 0.12 (9 H, s, SiMe3); ^^C NMR 5 169.3 (C=0), 139.3， I 
1 
128.4，127.0，125.0, 84.6 (C = C), 84.5 (C = C), 72.8 (2-C), 29.4’ 29.3, 21.9, -3.4 ； 
(SiMes); MS ¢:1) m/z 288 (M+, 5%), 273 (10), 246 (65), 230 (45), 156 (100), 141 (55), • 
117 (45)，105 (15), 73 (85); HRMS Calcd for C17H24O2Si 288.1546. Found 288.1540. ‘ 
t 4 
General Procedure for the Synthesis of 1,2,3-Butatrienes 35. 
Tetrabutylammonium fluoride (1.0 ml, 1.0 nunol, 1.0 M in THF) was added dropwise to a 
stirred solution of the acetate 34 (1.0 mmol) in diethyl ether (20 ml) under nitrogen at 
-10°C. After 5 min, the reaction mixture was poured into saturated sodium carbonate 
solution and extracted with hexane (2 x 50 ml, degassed) under nitrogen. The combined 
organic solvents were washed with saturated sodium carbonate solution, dried (K2CO3), 
filtered and evaporated in vacuo to give a yellow oil. This oily residue was 
chromatographed on Rorisil under nitrogen with hexane (degassed) as eluent to give the 




unable to obtain satisfactory high resolution mass data or elemental analysis data of these 
compounds. 
The following butatrienes were prepared: 
4,5,6-Tridecatriene (35a). (92%). IR Vmax 2966, 2938，2059, 1744， 
1475, 1378, 842; i R NMR 5 5.50 + 5.48 [total 2 H, intensity 1 : 1，2 q, J 二 7.4，4-H and 
7-H of {Ey and (Z)-isomers], 2.25 - 2.12 (4 H, m), 1.60 - 1.42 (4 H, m)，1.38 - 1.22 (6 
H, m), 0.98 - 0.84 (6 H, m); 13c NMR 5 161.2, 161.0，107.8 + 107.6 (d，1/cH = 163), 
107.4 + 107.3 (d, l / c H = 163), 34.9 + 34.8, 32.8，31.7，28.8 + 28.7，22.6, 22.2, 22.0, 
14.0，13.6; MS (El) m/z 178 (M+, 12%), 147 (55), 73 (100). 
2,2-Dimethyl-3,4,5-nonatr iene (35b). (91%). IR Vmax 2959, 2938, 
2000，1744, 1475, 1378, 842; l H NMR 5 5.59 - 5.46 [2 H，m，3-H and 6-H of {E)- and 丨 
_ I 
(Z)-isomers], 2.23 - 2.11 (2 H, m), 1.62 - 1.45 (2 H, m), 1.10 + 1.09 (total 9 H, 2 s, t- | 
Bu), 0.94 + 0.93 (total 3 H, intensity 2 : 1，dt, J = 7.1, 9-H); 1 ¾ NMR 5 162.8, 158.4’ ‘ 
118.7 + 118.6 (d, l / c H = 168, 3-C), 107.0 (d，i/cH = 165, 6-C), 34.9 + 34.8，29.8， 1 
22.2，21.9，13.8; MS (EI) m/z 150 (M+，6%), 149 (8)，147 (13)，73 (100). ‘ 
4 
l-Phenyl-l,2,3-heptatriene (35c). (89%). JR Vmax 2990, 2920, 1956, 
1423，1357, 825, 795, 764，699; l H NMR 5 7.59 - 7.25 (5 H，m，ArH), 6.52 + 6.51 
[total 1 H, 2 dt, J =7.5，1.5，1-H of {E)- and (Z)-isomers], 5.92 + 5.85 [total 1 H, 
• intensity 1 : 1，2 q，J = 7.4，4-H of {E)- and (Z)-isomers], 2.51 - 2.33 (2 H，m), 1.90 -
1.53 (2 H, m), 1.16 + 1.11 (total 3 H，t，J = 7.3，7-H); i3c NMR 5 159.7, 158.9, 137.0， 
128.5, 127.4，127.3，111.3 (d，l/cH = 161, l-C), 106.7 + 106.6 (d，l/cH = 162, 4-C), 
35.4 + 35.0, 22.1 + 22.0，13.6; MS (EI) m/z 170 (M+，33%), 131 (36)，105 (100), 91 
I (11), 77 (47),115 (15). 
• 
72 
I I . 
2-Methyl-2,3,4-octatr iene (35d). (83%). IR Vmax 2961, 2924, 2062， 
1644，1464，1375, 857; l H NMR 5 5.28 (1 H, sextet, J = 7.2，1.3, 5-H), 2.13 (2 H, q, J 
=7.4, 6-H), 1.90 (3 H, s, Me), 1.88 (3 H, s, Me), 1.50 (2 H，sextet, J = 7.4，7-H), 0.93 
(3 H, U J = 7.3, 8-H); 13c NMR 5 157.8，156.0, 112.2，103.0 (d, 1/cH = 159, 5-C), 
34.6，24.4, 23.9, 22.2, 13.6. 
l -Phenyl- l ,2,3-decatr iene (35e). (70%). IR Vmax 2956, 2928, 1947， 
1680，1448，1314，836, 788, 764, 699; lR NMR 5 7.44 - 7.18 (5 H, m，ArH), 6.37 + 丨 
6.36 [total 1 H, 2 dt, J = 7.4, 1.6，1-H of (E)- and (Z)-isomers], 5.79 + 5.73 [total 1 H， ， 
intensity 1 : 1, 2 q, J = 7.4, 4-H of {E)- and (Z)-isomers], 2.41 - 2.28 (2 H, m), 1.73 - ; 
1.20 (8 H, m)，1.00 - 0.85 (3 H，m); ^^C NMR 5 159.8，158.8, 137.1, 128,6, 127.5, ‘ 
127.4，111.7 (d, 1/cH = 158, l -C), 106.7 + 106.6 (d, l / c H = 163, 4-C), 33.5，33.0’ i 
31.7，28.8，22.6，14.0; MS (EI) m/z 212 (M+, 41%), 183 (8)，169 (17)，155 (23), 141 ！ 
I 
(100)，128 (94), 115 (60), 91 (18), 77 (13). . 
t 
1 
5 -Methy l - l -pheny l - l ,2 ,3-hexat r iene (35f). (89%). IR Vmax 2962, 
I 
2929, 1920, 1647, 1450, 1314，835，751, 699; ^H NMR 5 7.49 - 7.16 (5 H, m，ArH), • 
6.39 + 6.37 [total 1 H, 2 dd, J = 7.0，2.0, 1-H of {E)- and (Z)-isomers], 5.81 + 5.76 
[total 1 H, 2 dd, J = 7.0, 6.0，4-H of (£)- and (Z)-isomers], 2.72 - 2.50 (1 H, m, 5-H), 
1.21 + 1.14 (total 6 H，intensity 1.2 : 1，2 d’ J = 6.7，CMe2); ^^C NMR 5 160.8，157.3, 
137.2 + 137.0，128.6, 127.5, 127.4，118.5 (d, l / c H = 164, l-C), 106.6 + 106.7 (d， 
1/CH = 164, 4-C), 32.1 + 32.0，22.9 + 22.0; MS (EI) mJz 170 (M+, 44%), 155 (100)， 
141 (11)，128 (19), 115 (23)，91 (8)，77 (12). 
5,5-Dimethyl- l-phenyl- l ,2,3-hexatr iene (35g). (93%). IRvmax2968, 
2909，1940，1679，1478, 1366，835, 788, 755, 696; !H NMR 5 7.50 - 7.20 (5 H, m， 
ArH), 6.43 + 6.39 [total 1 H，2 d，J = 7.7，1-H of (E)- and (Z)-isomers], 5.83 + 5.75 
73 
;j • 
[total 1 H, 2 d’ J = 7.7，4-H of (E)- and (Z)-isomers], 1.19 + 1.25 (total 9 H, intensity 1.5 
:1，2 s, r-Bu); l 3c NMR 6 161.3’ 156.2 + 156.0, 137.3 + 137.0，128.7，128.6, 127.4, 
122.7 + 122.7 (d, l / c H = 165, l-C), 106.6 + 106.5 (d, l / cH = 165, 4-C), 35.7 + 35.5, 
29.9 + 29.7; MS ¢1) m/z .184 (M+, 52%), 169 (100)，154 (44)，141 (39), 128 (25), 115 
(25), 91 (16)，77 (42). 
• 
1.4-DiphenyI- l ,2,3-butatr iene (35h). (83%). IR Vmax 3022, 1945, 
1672, 1494，836，784，761 696; l R N M R 5 7.60 - 7.24 (10 H, m，ArH), 6.61 + 6.35 
[total 2 H, intensity 1 : 1，2 s, 1-H and 4-H of (E)- and (Z)-isomers]; l ^ c NMR 5 155.8 + 
I 
155.7, 137.2 + 137.0，127.8 + 127.7, 128.1 + 128.0, 127.9, 109.6 (d，1/cH = 164, 1-C : 
i 
and 4-C); MS (EI) m/z 204 (M+, 47%), 102 (62), 86 (25), 84 (41)，77 (18). 
， 
4-Methyl - l -phenyl - l ,2-3-pentat r iene (35i). (71%). ^H NMR 5 7.43 - ‘ 
I 
7.16 (5 H, m, ArH), 6.20 (1 H, s, 1-H), 2.12 (3 H, s, Me), 2.05 (3 H, s, Me). ‘ 
« 
Part 2: The Synthesis of Substituted 1,3,5-Hexatrienes. ‘ 
( I 
4 
General procedures have akeady been described. 3-Bromopropene, 3-chloro-2-
methylpropene, 1 -chloro-3-methylbut-2-ene and (E)-cinnamyl chloride were purchased 
from Aldrich Chemical Company and were used without further purifications. (E")-crotyl 
c W o r i d e 9 7 and (£)-3-trimethylsilylprop-2-enol98 were prepared (>98% purities) according 
to Hteratoe method. 
3 .5 -D i - / ^ r^ -bu ty lbenzy l mercaptan (92). To a solution of N-
bromosuccinimide (1.78 g, 10 mmol) of carbon tetrachloride (20 ml) was added 3,5-di-
rerf-butyltoluene (2.40 g, 10 mmol) and benzoyl peroxide (100 mg). The mixture was 
refluxed until all yellowish N-bromosuccinimide had been converted to cololess 
74 
% 
succinimide. The reaction mixture was cooled and filtered under suction and washed the 
residue with a little carbon tetrachloride. The filtrate was concentrated in vacuo afforded 
3,5-di-f^rr-butyl benzylbromide (2.5 g, 88%). A mixtrue of the 3,5-di-rerr-butyl 
benzylbromide (2.5 g, 8.8 mmol) and thioacetic acid (0.67 g, 8.8 mmol) in acetone (10 ml) 
was refluxed for 3 h. and then cooled to r.t. A solution of NaOH (0.4 g) in water (10 ml) 
was then added and reflux continued for 1 h. The reaction mixture was then poured into 
water and the aqueous phase was extracted with diethyl ether (3 x 30 ml). The combined 
organic solvents were dried (MgSO4), filtered, evaporatbd in vacuo, and purified by flash , 
chromatography on silica gel with hexane as eluent to give 92 (1.76 g, 85%) as an o i l . IR -
I 
Vmax 2964, 1598, 1478, 1362, 1249, 872，795, 711; ^H NMR 5 7.3G (2 H， t ,J= 1.7， 
I 
ArH)，7.16 (1 H, d，J = 1.7，ArH), 3.73 (2 H, d, J 二 7.5，CH〗)’ 1.76 (1 H, t，J 二 7.5， 
SH), 1.32 (18 H, s’ r-Bu); l ^ c NMR 5 151.1, 140.1，122.2’ 121.1，34.8, 31.5’ 29.5; , 
MS (EI) m/z 236 (M+，48%), 221 (M+- Me, 75), 203 (M+ - SH, 100)，117 (55), 57 {t- 1 
1 
Bu, 48). Anal. Calcd for C15H24S: C’ 76.21; H, 10.23. Found: C, 76.10; H，10.50. • ‘ 
t 
3,5-Di -^^rNbuty lbenzy l -2-buteny l bissulfone (94). 3,5-d i - rerr - ^ 
» 
butylbenzyl mercaptan 92 (0.236 g, 1 mmol) was added the solution of KOH in methanol ‘ 
^ 4 
(10 ml). After 10 min, 1,4-dibromo-2-butene 93 (0.107 g, 0.5 mmol) was added. The 
resulting mixture was stirred 1 h at 0°C and 2 h at r.t. The reaction mixture was poured 
into water (10 ml) and the solvent was evaporated in vacuo. The aqeous phase was 
extracted with ether and the combined extracts were washed (NaCl Sat'd solution), dried 
‘ (MgS04), filtered and concentrated in vacuo. Flash chromatography of the residue over 
silica gel (hexane : CHCl3 = 5 : 1 gradient to 2 : 1) to give 3,5-rm-butylbenzyl-2-butenyl 
bissulfide (212 mg, 81%) as a colorless oil. A mixture of this sulfide (200 mg, 0.38 
mmol) and oxone (2 g, 3.1 mmol) in CH2Cl2 ： MeOH (20 m l : 10 ml) was stirred at 20°C 
for 2 - 3 d. The reaction mixture was filtered through a pad of silica gel and the filtered 
cake washed with CH2Cl2 ： MeOH (100 ml : 50 ml). The filtrate was concentrated in 
75 
1 i 
vacuo. Flash chromatography of the residue over silica gel (hexane : ethyl acetate = 10 : 1 
gradient to 1 : 1) afforded the sulfone 94 (197 mg, 83%) as a white solid rnp 223。C. IR 
Vmax2964, 1600，1474，1364，1302, 1250 (0=S=0), 1114 (0=S=0), 886, 714; lR NMR 
8 7.45 (2 H, s, ArH), 7.25 (4 H，s，ArH), 5.89 (2 H, t, J 二 5.0，=CH), 4.27 (4 H，s, 
CH2C=), 3.60 (4 H, d, J = 5.0, ArCH2), 1.33 (36 H, s, r-Bu); l3c NMR 5 151.8, 126.9, 
126.5，125.0, 123.1, 59.7，54.4，34.9，31.4; MS (FAB) m/z 588 (M+, 100%). Anal. 
Calcd for C34H52O4S2： C，69.34; H, 8.90. Found: C, 69.17; H，8.92. 
i 
5 - (3 ' , 5 ' -D i - / ^ r / - bu t y l pheny l ) - ( 2E ,4E) -pen tad ieny l Me thy l Ether 
‘ I 
(95). The sulfone 94 (59 mg, 0.1 mmol) was added to a suspension of alumna-supported 
KOH (1 mmol of KOH) in r-BuOH-CB2F2 (4 ml, 1: 1) at -78。C. The mixture was then , 
I 
stirred for 30 min at this temprature. The reaction mixture was filtered through a pad of , 
celite. The filtrate was concentrated in vacuo and purified by flash chromatography on 1 
siHca gel with hexane as eluent to affod 95 (5 mg, 17%) and 96 (20 mg, 70%). For 95: ‘ 
n i Vmax 2666, 1558, 1096，988’ 850; ^H NMR 5 7.32 (1 H, t，J = 1.7, ArH), 7.24 (2 H, ’ 
d, J = 1.7，ArH), 6.78 (1 H, dd，J = 15.5, 10.3, 4-H), 6.58 (1 H，d, J = 15.5, 5-H), 6.41 ’ 
(1 H, ddt, J 二 15.1，10.2, 1.1, 3-H), 5.87 (1 H, dt，J = 15.1，6.2，2-H), 4.02 (2 H, dd, J ’ 
I * 
=6.2, 1.1, CH2), 3.37 (3 H, s, Me), 1.33 (18 H, s，r-Bu); MS (EI) m/z 286 (M+’ 38%), 
271 (M+ - Me，38)，229 (M+ - r-Bu’ 76)，173 (21)，96 (33), 57 (100), 141 (22); HRMS 
OEI) Calcd for C20H30O 286.2295. Found 286.2309. 
3 - [ l - ( 3 ' - 5 ' - D i - ^ ^ r / - b u t y l p h e n y l ) . ( l j E : ) - l , 4 - p e n t a d i e n y l ] M e t h y l 
Ether (96). OlVmax 2965, 1615, 1096，989，801; lR NMR 6 7.33 (1 H, t, J = 1.7， 
ArH), 7.25 (2 H, d，J = 1.7, ArH), 6.61 (1 H, d, J = 16.0，l-H), 6.09 (1 H，dd, J = 
16.0, 7.0，2-H), 5.86 (1 H, ddd, J 二 17.0，10.3, 6.5, 4-H), 5.30 (1 H, dt, J = 17.0，1.3， 
5-H), 5.24 (1 H, dt, J 二 9.0，1.3，5-H), 4.24 (1 H, tq, J = 7.3，1.1，CHOMe), 3.20 (3 H, 
s’ Me); i3c NMR 5 151.0，138.0, 137.1, 133.2，128.1，122.2, 120.9’ 116.4，83.3 (CH-
76 
1 
0) , 57.0 (OMe), 34.8, 31.5; MS (EI) mh 286 (M+, 19%), 57 (r-Bu, 100); HRMS Calcd 
for C20H30O 286.2295. Found 286.2309. 
l ,2-Di(benzylsulfonyl)ethane (101). Benzyl mercaptan (1.2 g, 10 mmol) 
was added the solution of KOH in methanol (10 ml). After 10 min, to this thiolate solution 
was then added 1,4-dibromoethane (0.9 g, 5 mmol). The resulting mixture was stirred 1 h 
at 0°C and 2 h at r.t. The reaction mixtrue was poured into water and solvent was • 
evaporaed in vacuo . The aqueous phase was extracted with diethyl ether (3 x 20 ml). The 
i 
combined extracts were dried (MgS04), filtered，evaporated in vacuo, and purified by flash ‘ 
I 
chromatography (hexane : CHCl3 == 5 : 1 gradient to 2 : 1) to give benzyl-2-butenyl 丨 
bissuflde 1.1 g (82%). A mixture of this sulfide (1.0 g, 3.7 mmol) and oxone (10 g, 16 t 
I 
mmol) in CH2Cl2 ： MeOH (20 m l : 10 ml) was stirred at r.t. for 3 d. The reaction mixture , 
was filtered through a pad of siHca gel and the filtered cake washed with CH2Cl2 ： MeOH 
(10 ml : 5 ml). The filtrate was concentrated in vacuo. Flash chromatography of the 
residue over silica gel (hexane : ethyl acetate = 10 : 1 gradient to 1 : 1) afforded the sulfone ‘ 
101 (200 mg, 72%) as a white solid, mp 223°C. IR (KBr) Vmax 2992, 1299 (0=S=0), ‘ 
I 
1116 (0=S=0) , 696; l H NMR 5 7.46 - 7.43 (10 H, m，ArH) , 4.48 (4 H ， s ， 
、 i 
SO2CH2CH2SO2), 3.43 (4 H, s, ArCH2); MS OEI) m/z 338 (M+，2%), 246 (10)，182 • 
(55), 91 (100)，65 (85). Anal. Calcd for C16H18O4S2： C, 56.78; H, 5.36. Found: C’ 
56.46; H, 5.23. 
(E)-Cinamniyl Methyl Ether (102).99 The sulfone 101 100 mg (0.3 
mmol) was added to a suspension of alumna-supported KOH (1 mmol of KOH) in 4 ml of 
r-BuOH-CH2Cl2 (4 ml, 1 : 1) at -78°C. The mixture was then stirred for 30 min. The 
reaction mixture was filtered through a pad of silica gel. The filtrate was concentrated in 
vacuo to give crude product. Flash chromatography over siHca gel (hexane) affored 102 
(40 mg, 91%) as an oi l . l R N M R 5 7.32 - 7.11 (5 H，m’ ArH) , 6.52 (1 H , d，J = 15.9, 
77 
ArCH=), 6.19 (1 H, dt，J = 16.0，5.9，=CH), 3.99 (2 H, dd, J = 5.9，1.4, CH2), 3.29 (3 
H, s, Me); MS OEI) m/z 148 (M+，100%), 115 (87), 91 (33), 77 (28), 51 (16). 
General Procedure for the Prepara t ion of Symmetr ica l and 
Unsymmetr ical Sulfides 110. Method A. For the symmetrical sulfides, the 
stereochemically pure allylic halides 107 (10 mmol) was added to a solution 0fNa2S (5 
mmol) in methanol (10 ml). The resulting mixture was stirred at 0°C for 1 h and then at 
20°C for 2 h. The reaction mixture was poured into water (10 ml) and the solvent was 
evaporated in vacuo. The aqeous phase was extracted with ether and the combined extracts 
were washed (NaCl saturated solution), dried CMgSO4), filtered and concentrated in vacuo. 
Flash chromatography of the residue over silica gel (hexane : ethyl acetate = 100 : 1) 
afforded the symmetrical sulfide 110 as a colorless oil. 
Method B: the thioacetate 108 (5 mmol) was added to a solution of KOH (5 
mmol) and Na2S2O3 5H2O (10 mg) in MeOH (10 ml). The resulting mixture was stirred at 
0°C under nitrogen for 30 min. To this thiolate solution was then added dropwise the 
stereochemically pure allyl halide 109 (5 mmol) over a period of 5 min and stirring was 
continued for 1 h at 20°C. The reaction mixture was then worked up following the same 
w • 
procedure as that described in Method A. 
The following symmetrical and unsymmetrical sulfides were prepared: 
Di-(2E)-butenyl Sulfide ( l lOa). (Method A, 89%). IR v^ax 3077，2973， 
2913，1646, 1452, 1372, 892; !H NMR 5 5.60 - 5.35 (4 H, m, =CH), 3.03 (4 H, dd, J = 
6.9，0.9，CH2S), 1.70 (6 H, dd, J = 5.7, 0.7, Me); l ^ c NMR 5 127.9，127.3, 32.8, 17.5; 
MS {BI) m/z 142 (M+, 13%), 87 (M+ - C4H7, 36)，55 (100). Anal. Calcd for CgHuS: C， 
67.54; H, 9.92. Found: C, 67.07; H, 9.95. 
>：• u 




Di-(2-methyl-2-propenyl) Sulf ide ( l lOb) . (Method A, 97%). IR Vmax 
3077, 2973, 2913, 1650，1453, 1372, 893; l R NMR 5 4.86 - 4.82 (2 H, m, =CH)，4.82 -
4.78 (2 H, m，=CH), 3.02 (4 H, s，CH2S), 1.81 (6 H, s, Me); 1¾ NMR 8 141.0, 113.3， 
38.0’ 20.8; MS (ET) m/z 142 (M+, 25%), 87 (M+ - C4H7, 61), 55 (100). Anal. Calcd for 
CgHuS: C, 67.54; H, 9.92. Found: C，67.79; H, 10.11. 
Di-(3-methyl-2-butenyl) Sulfide ( l lOc) . (Method A, 88%). IR Vmax 
3023, 2973, 2916，1672，1447, 1377, 1228, 843; ^H NMR 5 5.24 (2 H, t like, J = 7.7， 
=CH), 3.10 (4 H, d, J = 7.7, CH2S), 1.73 (6 H, s, Me), 1.65 (6 H, s, Me); l3c NMR 5 
134.8, 120.8，28.9, 25.6, 17.6; MS (EI) m/z 170 (M+，50%), 169 (M+ - H, 100%), 137 
j 
(40%), 102 (M+ - C5H8, 100)，69 (35); HRMS Calcd for CioHigS 170.1129. Found 
170.1125. 丨 
(E)-Cinnamyl 2-Propenyl Sulfide ( l lOd). (Method B, 93%). IR Vmax 
3078，2910，1647，1496，1448, 1219, 963，895, 750, 690; ^H NMR 5 7.37 - 7.19 (5 H, 
m, ArH), 6.40 (1 H, d，/= 15.7，ArCH=), 6.14 (1 H, dt,J= 15.7, 7.2，ArCH=C//), 
5.87 - 5.70 (1 H, m), 5.14 - 5.13 (1 H, m)，5.10 - 5.06 (1 H, m), 3.24 (2 H, dd, J = 7.3， 、 • 
1.1，CH2S), 3.10 (2 H, dt，/= 7.3，1.1，CH2S); l 3 c NMR 5 136.8，134.3’ 132.3， 
128.5, 127.4，126.2，125.8, 117.0, 33.5 (CH2S), 33.0 (CH2S); MS (EI) m/z 190 (M+， 
5%), 148 (16), 115 (77)，117 (M - C3H5S, 100), 91 (33). Anal. Calcd for C12H14S: C, 
75.74; H，7.41. Found: C, 75.64; H, 7.42. 
(2E)-Butenyl (E)-Cinammyl Sulfide ( l lOe). (Method B, 93%). IR 
Vmax3077, 3026, 2971，1646, 1448，1371, 1219, 963，895, 750’ 690; lR NMR 5 7.38 -
7.20 (5 H, m，ArH), 6.40 (1 H’ d，J = 15.7，ArCH=), 6.15 (1 H, dt, J = 15.7, 7.2， 
ArCH=CH), 5,59 - 5.41 (2 H，m), 3.24 (2 H, dd, J = 7.2，1.0’ CH2S), 3.06 (2 H, dd，J 
=6.7，0.5, CH2S), 1.70 (3 H, dd, J = 5.8, 0.7，Me); i3c NMR 5 136.9，132.1，128.4， 




128.2, 127.4, 127.2，126.2, 126.1, 33.2 (CH2S), 32.8 (CH2S), 17.5 (Me); MS (EI) mlz 
204 (M+, 25%), 149 (M+ - C4H7, 20), 117 (M+ - C4H7S, 100); HRMS Calcd. for 
C13Hi6S 204.0972. Found 204.0965. Anal. Calcd for Q3Hi6S: C，76.42; H, 7.89. 
Found C, 76.44: H,7.48. 
(E)-Cinammyl 2-Methyl-2-propenyl Sulfide ( l lOf ) . (Method B, 87%). 
n i Vmax 3022, 2911，1644, 1450, 1372, 1216’ 961，889, 744，689; l H NMR 5 7.39 -
7.19 (5 H, m, ArH), 6.42 (1 H，d, J = 15.7, ArCH=), 6.16 (1 H, dt, J = 15.7, 7.2, 
ArCH=CH) , 4.89 - 4.87 (1 H, m), 4.86 - 4.84 (1 H, m), 3.21 (2 H, dd, J = IX 0.9， 
CH2S), 3.09 (2 H, s, CH2S), 1.83 (3 H, s，Me); l ^ c NMR 5 141.2，136.8，132.3， 
128.4, 127.4’ 126.2，125.9, 113.4，38.1 (CH2S), 33.2 (CH2S), 20.8 (Me); MS (EI) mlz 
204 (M+，15%), 148 (40)，117 (M+ - C4H7S, 100), 91 (15). Anal. Calcd for C13Hi6S: 
C，76.42; H, 7.89. Found: C，76.35，H，7.89. 
(E)-Cinammyl 3-Methyl-2-butenyl Sulfide ( l lOg). (Method B, 91%). 
JR Vmax 3077, 2973’ 1647，1452, 1374，892, 760，670; ^H NMR 5 7.37 - 720 (5 H, m, 
ArH), 6.40 (1 H, d，J 二 15.7，ArCH=), 6.18 (1 H, dt, J = 15.7，7.1，ArCH=C//), 5.23 (1 • 
H， t like, J = 7.7，2-H), 3.24 (2 H, dd, J = 7.2, 1.0’ CH2S), 3.10 (2 H，d，J = 7.7， 
CH2S), 1.73 (3 H, s，Me), 1.63 (3 H，s, Me); i3c NMR 5 136.8，135.0, 131.8，128.4, 
127.3，126.2, 126.1, 120.1, 33.6 (CH2S), 28.5 (CH2S), 25.6 (Me), 17.8 (Me); MS (EI) 
m/z 218 (M+，70%), 149 (M+ - C5H9, 37)，117 (M+ - C5H9S, 100); HRMS Calcd. For 
C14Hi8S 218.1129. Found 281.1131. 
Di-(£:)-cinammyl Sulfide (l lOh). (Method A, 84%). IR Vmax 3030, 
2932, 1684, 1448, 1292, 1117，974, 730’ 698; !H NMR 5 7.38 - 7.18 (10 H, m, ArH), 
6.43 (2 H, d, J = 15.7, ArCH=), 6.17 (2 H, dt, J = 15.7, 7.3, ArCH=C//), 3.28 (4 H， 
dd, J = 7.3，1.0，CH2S); i3c NMR 5 136.8，132.4, 128.5，127.5, 126.3, 126.0，33.3 
80 
** f 
(CH2S); MS (EI) m/z 266 (M+，14%), 219 (37)，149 (M+ - C9H9, 100)，117 (M+ -
C9H9S, 100)，91 (70), 77 (24); HRMS Calcd. for CigHigS 266.1129. Found 266.1125. 
Anal. Calcd for CigHigS: C，81.16; H, 6.81. Found: C, 81.15: H, 6.86. 
(E)-Cinammyl (Z)-Cinammyl Sulfide ( l lO i ) . (Method B, 80%). IR 
Vmax 3047, 2932, 1684，1495, 1291，1117, 974，751, 698; lR N M R 5 7.31-7.14(10H, 
m, ArH), 6.59 (1 H, d, J = 11.4，ArCH=), 6.13 - 6.00 (2 H, m), 5.75 (1 H, dt, J = 11.4， 
7.9, ArCH=CH), 3.38 (2 H, d d , / = 7 . 8 , 1.4, CH2S), 3.24 - 3.20 (2 H, m，CH2S); l ^ c 
NMR 5 136.8，136.7，132.2, 131.4, 128.9, 128.3 (overlapping signals), 127.4，127.1, 
126.3, 125.7, 33.7 (CH2S), 28.5 (CH2S); MS (EI) m/z 266 (M+, 29%), 219 (49), 149 
(M+ - C9H9, 100)，117 (M+ - C9H9S, 100), 91 (61). Anal. Calcd for CigHigS: C, 81.16; 
H, 6.81. found: C，81.15; H, 6,87. 
Di.(Z)-cinammyl Sulfide ( l lOj ) . (Method A, 93%). ERVmax 3021, 1678’ 
1492, 1446，1220，807，771，700; !H NMR 5 7,36 - 7.20 (10 H, m, ArH)，6.51 (2 H, d， 
J = 11.4，ArCH=), 5.69 (2 H, dt, J = 11.4，8.0, ArCH=CH), 3.39 (4 H, d, J = 7.9， 
CH2S); 13C NMR 5 136.6，131.5，128.8，128.3’ 127,9, 127.1, 29.7 (CH2S); MS (EI) 
、 
m/z 266 (M+, 60%), 219 (60)，149 (M+ - C9H9, 80)，117 (M+ - C9H9S, 100), 91 (57); 
HRMS Calcd for CigHigS 266.1129. Found 266.1125. Anal. Calcd for CigHigS: C， 
81.16; H, 6.81. Found: C, 80.76; H，6.77. 
( E ) - C i n n a m y l 3 -T r ime thy l s i l y l - (2 i ^ ) -p ropeny I Sulf ide ( l l O k ) . 
(Method B, 87%). IR Vmax 3060, 2953, 1681, 1608，1247, 963, 836，751; !H NMR 5 
7.41 - 7.24 (5 H，m, ArH), 6.41 (1 H，d，J = 15.7, ArCH=), 6.17 (1 H, dt, J = 15,7，7.3， 
ArCH=CH), 5.98 (1 H, dt, J 二 18.3，6.4, 2-H), 5.76 (1 H, dd，J = 18,3，1.0，3-H), 3.26 
(2 H, dd, J = 7.3，0.9, CH2S), 3,19 (2 H, dd, J = 6.5, 0.9，CH2S), 0.12 (9 H, s，SiMe3); 
13c NMR 5 141.6，136.8, 133.6，132.4, 128.5, 127.5, 126.3, 126.0, 36.2 (CH2S), 33.1 
I 






(CH2S), -1.3 (SiMe3); MS (EI) m/z 262 (M+，2%), 117 (M+ - SC3H4SiMe3, 100)，73 
(13). Anal. Calcd for C12H22SSi: C，68.64; H, 8.45. Found: C，68.32; H，8.21. 
( Z ) - C i n n a m y l 3 - T r i m e t h y l s i l y l - ( 2 ^ ; ) - p r o p e n y l Sul f ide (1101). 
(Method B, 84%). IR Vmax 3026, 2953, 1682, 1608，1496，1448, 1414，1247, 962, 836， 
751, 691; l H NMR 5 7.38 - 7.21 (5 H, m, ArH), 6.58 (1 H, d’ J = 11.5，ArCH=), 5.87 
(1 H，dt, J = 18.4，6.8，2-H), 5.74 (1 H, dt, J = 11.5, 6.8, ArCH=), 5.41 (1 H, dd, J = 
18.3, 1.0’ 3-H), 3.31 (2 H, d d , 7 = 7.8, 1.3，CH2S), 3.11 (2 H, dd, J= 6.9，1.0， ； 
CH2S), 0,02 (9 H，s, SiMe3); 13c NMR 5 141.3，136.7，133.2’ 131.4，128.8, 128.3 
(overlapping signals), 127.1, 36.8 (CH2S), 28.6 (CH2S), -1.3 (SiMe3); MS (EI) m/z 262 
(M+, 3%), 156 (35), 117 (M+ - SC3H4SiMe3, 100)，73 (20); HRMS Calcd for C12H22SSi 
262.1211. Found 262.1212. Anal. Calcd for C12H22SSi: C, 68.64; H, 8.45. Found: C， 
68.58; H, 8.53. 
(2E)-Octenyl 2-Propenyl Sulfide (118). (Method B，90%). IR Vmax 
3080，2926，1634，1424, 1378, 1219，967，914; ! H NMR 5 5.77 (1 H, ddt, /=16.2， 
10.6，7.2，=CH), 5.51 (1 H, dt, J = 15.2, 6.5，=CH), 5.37 (1 H，dtt, J = 15.1, 6.9, 1.1， ， 
=CH), 5.12 - 5.02 (2 H, m，=CH2), 3,08 (2 H, dt, J = 7.2, 1.1，CH2S), 3.05 (2 H, dd, J 
=6.8, 0.6，CH2S), 2.02 (2 H, q，J 二 6.9)，1.45 - 1.22 (6 H, m), 0.89 (3 H, t，J = 6.8， 
Me); 13c NMR 5 134.5, 134.0, 125.7, 116.8, 33.4，32.7, 32.2，31.3，29.0, 22.4, 13.9. 
MS OEI) m/z 184 (M+, 7%), 111 (15), 110 (100), 69 (99). Anal. Calcd for CnH20S: C， 
71.67; H, 10.94. Found: C，71.57; H, 10.92. 
(2Z)-Octenyl 2-Propenyl Sulfide (119). (Method B, 82%). IR Vmax 
3080, 2956, 2855, 1634，1462，1424, 1219, 989，967，914; ^H NMR 5 5.81 (1 H, ddt, J 
=16.7, 10.4，7.1，=CH)，5.52 (1 H, dtt, J = 10.8，7.1， lA cis-=CH), 5.42 (1 H, dtt, J = 
10.8，7.5，1.3，ci5-=CH), 5.16 - 5.06 (2 H, m, =CH2), 3.12 (2 H, dd, J = 7.0，1.2, 
82 
CH2S), 3.11 (2 H，dt, J = 7.2，1.1，CH2S), 2.03 (2 H, q, J = 6.9)，1.41 - 1.25 (6 H, m), 
1 0.88 (3 H, t, J = 6.8，Me); l ^c NMR 5 134.6, 133.0, 125.4, 116.7，34.2，31.5, 29.3, 
f 
27.6, 27.2, 22.5, 14.0; MS (EI) m/z 184 (M+，7%), 110 (100)，69 (99)，55 (88). Anal. 
Calcd for CnH20S: C，71.67; H, 10.94. Found: C, 71.65; H, 10.64. 
(E)-Oct-2-en-l-ol (114). To a suspension of LAH (3.8 g, 100 mmol) in dry 
THF (10 ml) was added the solution of oct-2-ny-ol 113 (2.76 g, 22 mmol) in 10 ml THF 
dropwise over 1 h at 0°C. After stirred at this temperature for 1 d, the reaction mixture was 
-
hydrolyzed with 10% HC1 solution and extracted with diethyl ether (6 x 30 ml). The 
/ 
； combined extracts were dried (MgSO4), filtered and evaporated in vacuo. Flash 
.1-.¾ 
/ chromatography of the residue over silica gel (hexane : ethyl acetate = 10 : 1) affored trans-
s 
丨 oct-2-en-l-ol (2.52 g, 90%) as an oil. IR v^ax 3344, 2926, 1670, 1456, 1089，970; ^H > 
！ NMR 5 5.74 - 5.55 (2 H, m, =CH), 4.06 (2 H’ d, J = 4.7, CH2O), 2.46 (1 H, s’ OH), ,¾ 
； 2.04 (2 H, dt, / = 6.4，5.5), 1.43 - 1.23 (6 H, m)，0.90 (3 H, t, J = 6.8，Me); 1 ½ NMR 5 
I 133.2, 128.9, 63.5 (CH2O), 32.1, 31.3，28.8，22.4, 13.9; MS (EI) m/z 128 (M+, 6%), 
i 127 (35), 110 (M+ - H2O, 11), 109 (44)，95 (23), 83 (34)，71 (35), 69 (74)，55 (100), 43 
•x 
(80). Anal. Calcd for CgHiaO: C, 74.94; H, 12.57. Found: C，74.60; H, 12.45. 
、•‘ 
(Z)-Oct-2-en-l-ol (115). Copper-acetate-monohydrate (350 mg, 1.70 
mmol) was added to a suspension of zinc dust (3.5 g, 53.8 mmol) in water (20 ml) and the 
i 
f mixture was stirred for 15 min. Silver nitrate (350 mg, 2.1 mmol) was then added to the 
4 
i • 
I mixture solution and stirring was continued for 15 min. The suspension was filtered， 
i 
\ washed with water (40 ml), methanol (40 ml), acetone (40 ml) and diethyl ether (40 ml), 
I I and resuspended into 14 ml of methanol-water (1 : 1). A solution of the oct-2-ny-l-ol 113 
I I (0.5 g, 4 mmol) in methanol (2 ml) was addeded to this suspension and the mixture was I stirred ovemight at 20°C. After dilution with methanol, the residue was filtered on celite. 
< 








acetate and the combined extracts were washed (NaCl Sat'd solution), dried (MgSO4), 
filtered and concentrated in vacuo. Flash chromatography of the residue over silica gel 
(hexane : ethyl acetate = 100 : 1 gradient to 1 : 1) to give 115 (450 mg, 89%) as a 
colourless oil. IR Vmax 3356, 2927, 2858, 1654, 1467，1018; ^H NMR 5 5.65 - 5.49 (2 
H, m, =CH), 4.19 (2 H, d, J = 5.7, CH2O), 2.07 (2 H, dt, J = 6.8, 6.9)，2.03 (1 H, s, 
I 
! OH), 1.42 - 1.24 (6 H, m), 0.89 (3 H, t, J = 6.4，Me); 1½ NMR 5 132.7, 128.4, 58.3 
i 
(CH2O), 31.3, 29.2, 27.3, 22.4, 13.8; MS OEI) m/z 128 (M+, 2%), 110 (M+ - H2O, 3), 
95 (10)，83 (24), 69 (100)，55 (87)，43 (70). Anal. CaIcd for CgHieO: C, 74.94; H, 
12.57. Found: C，74.65; H, 12.65. 
General Procedure for the Preparation of AlIyl ic Thioacetates 108 
“ . 
f rom Allyl ic Alcohols 106. A solution of DIAD (10 mmol) in dry benzene (10 ml) 
was added to a stirred solution of triphenylphosphine (10 mmol) in benzene (100 ml) at 
.'V 
0°C, The resulting red solution was kept at 0°C for 15 min and then a precooled (0°C) 
''-i 
j mixture of the stereochemically pure allyl alcohol 106 (10 mmol) and thioacetic acid (10 
i • 
！ mmol) in dry benzene (20 ml) was added in one portion. The mixture was stirred at 20°C f 
>' 
？ for 1 h and the solvent was removed in vacuo. Rash chromatography of the residue over 
^ w 
I silica gel (hexane : ethyl acetate = 10 : 1) afforded the aUyHc thioacetate 108 as an oil. 
> f 
； ( lE ) -C inammyl 3-Thioacetate (108m). (89%). IR Vmax 3027, 1684 
..A 
i (C=0), 1496，1448, 1353, 962，751, 627; l H NMR 5 7.29 - 7.14 (5 H，m，ArH), 6.49 (1 
\ 
!
H, d, J = 15.7，ArCH=), 6.09 (1 H, dt, J = 15.6, 7.4，ArCH=C//), 3.63 (2 H, dd, J = 
7.4, 1.1，CH2S), 2.29 (3 H, s，CH3CO); 1¾ NMR 6 194.9 (C=0), 136.6，133.1，128.5, 
4 127.6，126.3, 124.4，31.7, 30.4; MS (EI) m/z 192 (M+，14%), 149 (M+ - CH3CO, 10)， 
il l 7 (M+ - CH3COS, 100), 91 (12), 43 (38). Anal. Calcd for CnH12OS: C, 68.71; H, 6.29. Found: C, 68.22; H，6.46. 84 ‘ 丨 
•••..< I . 
# 
l -T r ime thy l s i l y l - ( lE ) -p ropeny l Thioacetate (108n). (85%). JR Vmax 
2956, 1694 (C=0), 1354, 1248’ 1137, 839, 625; ^HNMR 5 5.94 (1 H, dt, J = 18.3，5.3, 
2-H), 5.88 (1 H，d，J = 18.3，l-H), 3.57 (2 H, d, J = 5.2, CH2S), 2.30 (3 H, s, 
• CH3CO), 0.05 (9 H, s, SiMe3); 13c NMR 5 194.5 (C=0), 140.0，133.8，34.2，30.2, -1.5 
(SiMe3); MS (EI) m/z 188 (M+，4%), 145 (M+ - CH3CO, 32)，73 (85), 43 (100). 
Anal.Calcd for QHi^OSSi: C，51.01; H, 8.56. Found: C, 51.00; H, 8.47. 
(2E)-Octenyl 1-Thioacetate (116). (92%). 'n iVmax 2956, 1694 (C=0), 
1613，1405, 1248, 1134，893，625; !H NMR 5 5.65 (1 H，dtt, J = 15.0, 6.7，0.7, =CH), 
5.04 (1 H, dtt, J = 15.1，7.0，1.3，=CH)，3.49 (2 H, dd, J = 7.0，0,7, CH2S), 2.33 (3 H, 
s, CH3CO), 2.00 (2 H，dt, J = 6.8，6.8)，1.31 (6 H, m), 0.89 (3 H，t, J 二 6.5，CH3); l ^ c 
NMR 5 195.3 (C=0), 134.8, 124.4, 32.2, 31.5, 31.3, 30.4，28.7，22.5, 14.0; MS (EI) 
t , 
•“ miz 186 (M+，4%), 144 (25), 110 (87), 69 (78), 43 (100); Anal.Calcd fbr CioHigOS: C, 
64,46; H，9.53. Found: C, 63.97; H，9.31. 
(2Z)-Octenyl 1-Thioacetate (117). (87%). IR Vmax 2956, 1686 (C=0), 
!
1613, 1406，1248，1134，840，626; !H NMR 5 5.53 (1 H, dt, J = 10.7，7.2，=CH), 5.42 、 
(1 H, dtt, J = 10.8, 7.5, 1.4，=CH), 3.56 (2 H, d, J = 7.4，CH2S), 233 (3 H, s, 
I CH3CO), 2.10 (2 H, dt, J = 7.0，7.0)，1.30 (6 H, m), 0.89 (3 H, t，J = 6.8, Me); l ^ c *‘ 
i NMR 8 195.3 (00)，134.0，123.6’ 31.4，30.2, 29.0’ 27.1’ 26.2，22,4，13.9; MS (El) 
,1 ： 
m/z 186 (M+，3%), 143 (M+ - CH3CO, 4)，110 (16), 69 (100); HRMS (EI) Calcd for 
I . 
I CioHigOS 186.1077. Found 186.1052. !r j； 
j General Procedure for the Preparation of Sulfones 111. A mixture of 
'« . 
.'•'-
the sulfide 110 (5 mmol) and oxone (25 mmol) in CH2Cl2 ： MeOH (20 ml : 10 ml) was 
stirred at 20°C for 2 - 3 d. The reaction mixture was filtered through a pad of siUca gel and 
ithe filtered cake washed with CH2Cl2 ： MeOH (100 mil : 50 ml). The filtrate was 85 
,i-
•虐 i 、 f 
concentrated in vacuo. Flash chromatography of the residue over silica gel (hexane : ethyl 
acetate = 10 : 1 gradient to 1 : 1) afforded the sulfone 111. 
The following sulfones were prepared: 
Di-(2^:)-butenyl sulfone ( l l l a ) . Colorless liquid (82%). IR Vmax 2975, 
2918, 1716，1669, 1378，1308 (0=S=0), 1122 (0=S=0), 1105; ^H NMR 5 5.88 (2 H, 
dq, J = 153, 6.5, =CH), 5.56 (2 H, dtq, J = 15.3, 7.4, 1.6, =CH), 3.64 (4 H, d，J = 
7.3, CH2SO2), 1.80 (6 H, d d，/= 6.5，1.2, Me); l 3c NMR 5 135.7, 117.1，55.0 
(CH2SO2), 17.8 (Me); MS (EI, 20 eV) m/z 174 (M+, 9%), 95 (100); HRMS Calcd for 
I C8H14O2S 174.0715. Found 174.0705. AnaL Calcd for C8H14O2S: C, 55.14; H, 8.09. 
Found: C, 54.79; H, 7.68. 
.f 
Di-(2-methyl-2-propenyl) Sulfone ( l l l b ) . Colorless liquid (90%). IR 
I Vmax 2987, 1651, 1448，1312 (0=S=0)，1117 (0=S=0), 911，773; ^H NMR 5.25 - 5.24 
I (1 H, m，=CH), 5.12 - 5.11 (1 H, m, =CH), 3.73 (4 H, s, CH2SO2), 1.98 (6 H, s, Me); 
I 13c NMR 5 133.5, 120.3，59.7 (CH2SO2), 22.5 (Me); MS (FAB) mh 175 (M+ + H， 
I 90%), 154 (90)，137 (95), 109 (100); HRMS (EI) Calcd for C8H14O2S 174.0715. Found 、 
？ 174.0715. ^ 
参 
Di-(3-methyl-2-butenyl) Sulfone ( l l l c ) . Colorless liquid (84%). IR 
Vmax2976, 2917, 1669，1452，1308 (0=S=0), 1121 (0=S=0), 783; iR NMR 5 5.29 (2 
'm \ H，t like, J = 7.7, =CH), 3.65 (4 H, d, J = 7.7，CH2SO2), 1.84 (3 H, s, Me)，1.73 (3 H, 
/., • 
s, Me); 13c NMR 5 142.1，110.3, 51.8 (CH2SO2), 25.8 (Me), 18.2 (Me); MS (EI, 20 eV) 
m/z 202 (M+，<1%), 69 (100); HRMS (EI) Calcd for C10Hi8O2S 202.1028. Found 
202.1023. 
(E)-Cinnamyl 2-Propenyl Sulfone ( l l l d ) . White solid (86%). mp 75 -




NMR 5 7.44- 7.30 (5 H，m，ArH), 6.68 (1 H, d，J = 16.0，ArCH=), 6.24 (1 H, dt, J = 
15.9, 7.6，ArCH=CH), 5.96 (1 H, ddt, J = 17.3，10.2，7.3, =CH), 5.53 (1 H, d, J = 
10.2, =CH), 5.45 (1 H，dd, J = 17.2, Q.9, =CH)，3.86 (2 H, d, J = 7.6, CH2SO2), 3.74 
(2 H, d, J = 7.3, CH2SO2); l 3c NMR 5 139.2，135.6, 128.8 (overlapping signals), 
126.7, 125.0, 124.7, 115.3, 56.2 (CH2SO2), 55.9 (CH2SO2)； MS (EI, 20 eV) m/z 222 
(M+, 3%), 117 (M+ - C3H5SO2, 100)，91 (14). Anal. Calcd for C12H14O2S: C, 64.84; 
H, 635. Found: C, 64.66; H, 6.30. 
(2E)-Butenyl (E)-Cinnamyl Sulfone ( l l l e ) . White solid (89%). mp 86 
-87。C. IR Vmax3050, 2930，1492, 1414，1319，1280 (0=S=0), 1121 (0=S=0), 979; ^H 
NMR 5 7.44 - 7.29 (5 H, m, ArH), 6.67 (1 H, d, J = 15.9, ArCH=)，6.24 (1 H, dt, J = 
16.1，7.5, ArCH=CH), 5.87 (1 H, dtq, J = 15.3，6.6，1.2，=Ci7CH2), 5.57 (1 H, dtq, J 
=15.3, 7.3, 1.5, =CHCH3), 3.85 (2 H, d，J 二 7.6, CH2SO2), 3.67 (2 H, d, J = 7.3， 
CH2SO2), 1.81 (3 H, dd, / = 6.4，1.2, Me); 1½ NMR 5 138.8, 136.2，. 135.6，128.6， 
128,5, 126.6，117.3，115.4, 55.7 (CH2SO2), 55.6 (CH2SO2), 18.1 (Me); MS (EI, 20 eV) 
m/z 236 (M+，1%), 117 (M+ - C4H7SO2, 100), 110 (30). Anal. Calcd for C13Hi6O2S: C, 
66.07; H, 6.82. Found: C, 65.78; H, 6.82. 、 
1 • 
(E)-Cinammyl 2-Methyl-2-propenyl Sulfone ( l l l f ) . White solid 
(90%). mp 83°C. IRVmax2978, 2934, 1647，1413，1290 (0=S=0), 1116 (0=S=0), 
978; l H NMR 5 7.44 - 7.30 (5 H, m，ArH), 6.70 (1 H, d, J = 15.9, ArCH=)，6.25 (1 H, 
d t , / = 15.9, 7.5，ArCH=CH), 5.26 (1 H, dq，/= 1.4, 1.4’ 3-H), 5.11 (1 H, s, 3-H), 
3.91 (2 H, d，J = 7.8，CH2SO2), 3.70 (2 H, s, CH2SO2), 2.00 (3 H, s, Me); 13c NMR 5 
139.1, 135.6, 134.0, 128.7 (overlapping signals), 126.7，120.6，115.4，59.9 (CH2SO2), 
56.1 (CH2SO2), 22.7 (Me); MS (EI, 20 eV) m/z 236 (M+，1%), 117 (M+ - C4H7SO2, 
100), 91 (6). Anal. Calcd for C13Hi6O2S: C, 66.07; H，6.82. Found: C, 65.97; H, 6.81. 
87 
、 I .fc 
(E)-Cinammyl 2-Methyl -2-butenyl Sulfone ( l l l g ) . White solid 
(95%). mp90-91。C. IR Vmax 3030, 2936, 1668，1449，1290 (0=S=0)，1116 
(0=S=0), 977, 733, 695; ! H NMR 5 7.43 - 7.26 (5 H, m, ArH), 6.65 (1 H, d, J = 15.9, 
ArCH=), 6.25 (1 H, dt, J = 15.8, 7.6，ArCH=C//), 5.32 (1 H，t like, J = 7.7, 2-H), 3.81 
(2 H, d, J = 7.7 CH2SO2), 3.71 (2 H, d，J = 7.7, CH2SO2), 1.84 (3 H，s, Me), 1.72 (3 
H, s, Me); 13c NMR 5 142.6, 138.7，135.6, 128.7, 128.6，126.6, 115.4, 110.2, 56.1 
(CH2SO2), 51.9 (CH2SO2), 25.9 (Me), 18.5 (Me); MS (EI, 20 eV) m/z 250 (M+, 3%), 
117 (100)，91 (9), 69 (38). Anal. Calcd for C14Hi8O2S: C, 67.17; H, 7.24. Found: C, 
67.22; H, 7.26. 
Di-(E)-cinammyl Sulfone ( l l l h ) . White solid (89%). mp 205 - 206。C. 
niVmax3060, 2926, 1496，1279 (0=S=0), 1115 (0=S=0), 979，760; ^H NMR 5 7.43 -
7.28 (10 H, m，ArH), 6.68 (2 H, d’ J = 15.9, ArCH=), 6.27 (2 H, dt, J = 15.9, 7.5, 
A r C H = C H ) , 3.90 (4 H, d, J = 7.7，CH2SO2)； ^ ^C NMR 5 139.2, 135.6，128.8 
(overlapping signals), 126.8，115.4，56.3 (CH2SO2)； MS (EI, 20 eV) mlz 298 (M+， 
12%), 234 (94)，117 (M+ - C9H9SO2, 100), 91 (4). Anal. Calcd for Ci8Hi8O2S: C, 
/ 
72.45; H, 6.08. Found: C，72.59; H, 6.06. 、 I 
I (^ ) -Cinammyl (Z)-Cinammyl Sulfone ( l l l i ) . White solid (80%). mp 
I 125 - 128°C, IR Vmax 3060, 2976, 1496，1289 (0=S=0), 1115 (0=S=0), 979, 760，691; 
l H N M R 5 7.37 - 7.24 (8. H , m, ArH), 7.18 - 7.10 (2 H, m，ArH), 6.95 (1 H，d, J = 
11.5, Z-ArCH=), 6.34 (1 H，d, J = 15.9, E-ArCH=), 5.98 (1 H, dt, J = 15.8, 7.6, E-
=CHCH2), 5.89 (1 H, dt, J = 11.5，7.7, Z-=CHCH2), 4.01 (2 H，d，J = 7.7，CH2SO2), 
3.76 (2 H, d, J = 7.6, CH2SO2)； ^^C NMR 5 139.1，137.1，135.5’ 135.3, 128.8, 128.6 
overlapping signals), 128.5, 128.1，126.7, 117.6，115.0’ 56.3 (CH2SO2), 51.2 
(CH2SO2); MS (EI, 20 eV) mlz 298 (M+, 2%), 117 (M+ - C9H9SO2, 100)，91 (100)，65 
(6). AnaL Calcd for Ci8Hi8O2S: C, 72.45; H, 6.08. Found: C，72,54; H, 6.10. 
88 
. 
I • ••I . 
Di-(Z)-c inammyl Sulfone ( l l l j ) . White solid (98%). mp 95 - 96°C IR 
Vmax 3047，2937，1674, 1446，1291 (0=S=0), 1121 (0=S=0), 925, 811, 701; !H NMR 
5 7.40 - 7.21 (10 H，m, ArH), 6.85 (2 H, d，J = 11.4，ArCH=), 5.70 (2 H, dt, J = 11.4， I I 7.7，ArCH=CH), 3.92 (4 H, dd, J = 7.7, 1.4，CH2SO2)； ^ ½ NMR 5 137.3，135.2, 
128.6, 128.4，127.9，116.7，52.3 (CH2SO2)； MS (EI, 20 eV) m/z 298 (M+, 3%), 117 
.'t' ..'. 
(M+ - C9H9SO2, 100), 91 (100), 65 (17). Anal. Calcd for Ci8Hi8O2S: C, 72.53; H, 
6.05. Found: C, 72.55; H, 6.05. 
( E ) - C i n n a m y l 3-Tr imethy ls i ly l - (2 iE; ) -propeny l Sulfone ( l l l k ) . 
I Liquid (89%). IR Vmax 2958, 1403，1321, 1297 (0=S=0), 1129 (0=S=0), 987，838， 
736，696; l H NMR 5 7.45 - 7.29 (5 H, m，ArH), 6.65 (1 H, d，J = 15.9, ArCH=), 6.25 
(1 H, dt, J = 15.9, 7.5，ArCH=CH), 6.21 - 6.03 (2 H，m), 3.86 (2 H, d, J = 7.5， 
CH2SO2), 3.81 (2 H’ d, J = 5.2，CH2SO2), 0.13 (9 H, s, SiMe3); 1½ NMR 5 142.8, 
‘ 季 
I 138.9，135.5，131.3，128.6, 128.5，126.6，115.3, 58.8 (CH2SO2), 56.0 (CH2SO2), -1.7 
1 (SiMe3); MS ¢1, 20 eV) m/z 294 (M+, <1%), 117 (M+ - SO2C3H4SiMe3, 100); HRMS 
I 
I Calcd for C15H22O2SSi 294.1110. Found 294.1106. i 、 m 
i ‘ 
1 (Z)-CinnamyI 3-Trimethylsi lyl-(2E)-propenyl Sulfone (1111). Liquid 
4 
J (90%). IR Vmax 2958, 1616，1320, 1250 (0=S=0), 1120 (0=S=0), 988，834，728; lR 
t 
I N M R 5 7.41 - 7.25 (5 H, m，ArH), 6.93 (1 H, d，J = 11.5, ArCH=), 5.95 - 5.75 (3 H, 
m)，3.92 (2 H, dd, J = 7.7，0.5, CH2SO2), 3.65 (2 H, d, J = 5.6’ CH2SO2), -0.04 (9 H, 
s, SiMe3); 13c NMR 5 142.9，137.1，135.3, 131.1, 128.7, 128.4，128.1, 117.4，59.0 
(CH2SO2), 51.1 (CH2SO2), -1.8 (SiMe3); MS ¢:1, 20 eV) m/z 294 (M+, 2%), 117 (M+ -
I SO2C3H4SiMe3, 100), 91 (20), 59 (20); HRMS Calcd for C15H22O2SSi 294.1110. 
I F o u n d 2 9 4 . 1 1 1 7 . 89 
• 
.》. 
(2E)-Octenyl 2-Propenyl Sulfone (120). Liquid (84%). IRVmax 2957, 
2927, 1640，1318，1215 (0=S=0), 1132 (0=S=0), 1080，978，874，634’ 597; !H NMR 
8 6.01 - 5.78 (2 H, m, =CH), 5.59 - 5.38 (3 H, m, =CH)，3.69 (2 H，d，/= 7.6’ 
ICH2SO2), 3.65 (2 H, d, J = 7.4’ CH2SO2), 2.12 (2 H, q, J = 6.4), 1.44 - 1.26 (6 H, m), 0.89 (3 H, t, J = 6.9, Me); 13c NMR 5 141.8, 125.1, 124.4, 116.1，55.8 (CH2SO2), 55.5 (CH2SO2), 32.5, 31.2，28.3, 223, 13.9; MS (EI, 20 eV) m/z 216 (M+, 2%), 150 (23), 108 (100). Anal. Calcd for CnH20O2S: C, 61.07; H, 9.32. Found: C，60.91; H, 9.34. 
(2Z)-Octenyl 2-Propenyl Sulfone (121). Liquid (91%). m Vmax2958, 
2858, 1640, 1465, 1318，1216 (0=S=0)，1133 (0=S=0), 978，936; lR NMR 5 5.95 -
5.81 (2 H, m，=CH), 5.50 - 5.35 (3 H, m，=CH), 3.70 (2 H, d，J = 7.6, CH2SO2), 3.64 
(2 H, d，J = 7.3，CH2SO2), 2.05 (2 H，q, J = 7.0)，1.40 - 1.18 (6 H, m), 0.85 (3 H, t, J 
=6.0, Me); i3c NMR 5 139.5, 124.9, 124.3, 114.8，56.4 (CH2SO2), 50.8 (CH2SO2), 
31.3, 28.6, 27.7, 223, 13.8; MS (EI, 20 eV) m/z 216 (M+’ <1%), 111 (M - C3H4SO2, 
25), 69 (100); HRMS Calcd for CuH20O2S 216,1184. Found 216.1183. Anal. Calcd 
for C11H20O2S: C, 61.07; H, 9.32. Found: C, 60.81; H, 9.30. 、 
• 
General Procedure for the Preparation of 1,3,5-Hexatrienes 112. 
The sulfone 111 (1 mmol) was added to a stirred suspension of alumina-supported KOH 
(10 mmol of KOH) in the solvent mixture (10 ml) at the specified temperature. The 
mixture was then stirred for 10 min to 30 min. The reaction mixture was filtered through a 
I pad of celite and the fHtered cake was washed throughly with CH2Cl2. The filtrate was 
# 
I concentrated in vacuo to give the crude triene. Flash chromatography over silica gel 
t (hexane) afforded the 1,3,5-hexatriene 112. 
‘ 
^ 






(2E，4^ ，6£0-2，4，6-Octatriene (112a).59 Liquid (84%). IRVmax2980, 
2928, 1700，1672，1447，1370, 1139，1053, 990; ! H NMR (500 MHz) 5 6.09 - 5.99 (4 
H, m，=CH), 5.72 - 5.58 (2 H, m, =CH), 1.75 (6 H, d，J = 6.2，Me); 1¾ NMR 5 131.9， 
130.5，128.5, 18.1 (Me; MS (EI) m/z 108 (M+, 1%), 95 (16)，68 (15), 55 (100). 
(3E)-2,5-Dimethyl-l,3,5-hexatriene (112b).59c Liquid (90%). IR Vmax 
2982，2936, 1680，1635, 1610，1451, 1375, 1037，1001，892; !H NMR 5 6.31 (2 H, s, 3 
f and 4-H), 5.03 - 5.00 (4 H, m, 1 and 6-H), 1.88 (6 H, s, Me); l ^ c NMR 5 142, 131.7， I 
；! 116.8, 18.5 (Me). 
(4JE:)-2,7-Dimethyl-2,4,6-octatriene (112c). Liquid (82%). IR Vmax 
3020, 2977, 1532, 1482, 1426, 1216, 1054, 758，669; !H NMR 5 6.40 - 6.25 (2 H, m), 
5.93 - 5.85 (2 H, m), 1.78 (3 H, s, Me)，1.76 (3 H, s，Me); 1¾ NMR 5 134.2，126.9， 
125.9, 26.1，18.3, (4Z)-Isomer: !H NMR 5 6.13 - 6.02 (2 H，m), 5.93 - 5.85 (2 H, 
m), 1.83 (3 H, s, Me), 1.76 (3 H，s，Me); 13C NMR 5 135.6，123.1，120,8, 26.4 (Me), 
18.1 (Me); UV Xmax nm (log e) : 231 (4.7), 264 (4.1), 275 (4.1).; MS (EI) m/z 136 (M+’ 、 
5%), 117 (100), 91 (18)，59 (8). 
•:译.讲7、 
( lE,3E)- l -Phenyl- l ,3,5-hexatr iene (112d).60 Liquid (86%). IR Vmax 
3023，1623，1490，1455, 1008，989, 750，692; ^H NMR (500 MHz) 5 7.43 - 7.20 (5 H, 
m, ArH), 6.82 (1 H, dd, J = 15.5, 9.7, 2-H), 6.58 (1 H, d，J = 15.6, 1-H), 6.48 - 6.36 (3 
f H, m), 5.27 (1 H, d，J = 16.3，6-H), 5.14 (1 H, d, J = 9.9，6-H); 13c NMR 5 137.4， 
137.1, 133.8, 133.4，133.0，128.9, 128.6，127.6，126.4, 117.4; MS (EI) m/z 156 (M+, 
.•；• 
22%), 117 (M+ - C3H3, 100), 91 GV1+ - C5H5, 92), 59 (50). 
91 
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(lE，3£，5^)-l-Phenyl-l，3，5-heptatriene (112e).6l Liquid (88%). IR 
Vmax 3050, 2931, 1492, 1448，1414，1319，1280, 1121, 979, 755, 708; !H NMR (500 
MHz) 5 7.40 - 7.15 (5 H，m, ArH), 6.79 (1 H, dd, J = 15.7, 9.7, 2-H), 6.50 (1 H, d, J = 
15.6, 1-H), 6.32 (1 H, dd, J = 15.0, 9.8, 4 or 3-H), 6.27 (1 H, dd, J = 14.9，9.8，3 or 4-
H), 6.14 (1 H, ddd, J = 14.9，10.0, 1.5, 5-H), 5.77 (1 H, dq, J = 14.9，6.9，6-H), 1.80 
(3 H, d, J = 6.3, Me); 13C NMR 5 137.7, 133.7, 131.9，131.5, 130.6，130.2，129.4, 
128,6，127.2, 126.3，18.3 (Me); MS (EI) m/z 170 (M+，69%)，155 (M+ - Me, 35), 105 
(100)，91 (42)，77 (25). I 1 ( l i5: ,3E)-5-Methyl- l -phenyl. l ,3,5-hexatr iene (112f). L iquid (92%). 
IIR Vmax 3028, 1652, 1615, 1586，1447, 1360，1251, 996，751，692; l H NMR 5 7.30 -7.05 (5 H, m, ArH), 6.71 (1 H, dd，/= 15.6，9.2，2-H), 6.46 (1 H，d, J = 15.6, 1-H), 
6.34 (1 H , d, J = 15.1, 3 or 4-H), 6.25 (1 H , dd，J = 15.4, 8.9，4 or 3-H), 4.96 - 4.89 (2 
H, m, 6-H), 1.80 (3 H, s，Me); l ^c NMR 5 142.1, 137.5，135.9, 132.6’ 129.4，129.3， 
128.6，127.4，126.3, 117.0 (6-C), 18.5 (Me); MS (EI) mlz 170 (M+，2%), 128 (M+ -
C3H6, 19)，91 (20), 84 (95), 77 (53), 51 (51); UV X^ax nm (log e): 323 (4,4), 341 (4.6)， 
357 (4.5). 
w 
( l j5 : ,3 j5 : ) -6 -MethyM-pheny l - l ,3 ,5 -hepta t r iene (112g).45 Liquid 
(87%). IR Vmax 3028, 1686，1670’ 1616, 1449，1360, 1251, 996’ 751, 692; lR NMR 5 
7.44 - 7 .13 (5 H , m , A r H ) , 6.85 (1 H , dd，J = 15.6, 10.6, 2 - H ) , 6.54 (1 H，dd，J = 15.2, 
10.9，3 or 4-H)，6.47 (1 H, d, J = 15.6’ 1-H), 6.25 (1 H，dd, J 二 14.9，10.7，4 or 3-H), 
I 5.92 (1 H, d，/= 11.7，5-H), 1.81 (3 H, s, Me), 1.80 (3 H, s, Me); 1½ NMR 5 137.8， 
136.6, 130.9，130.4, 130.2，129.8, 128.6，127.1’ 126.2, 125.7, 26.2 (Me), 18.5 (Me); 
MS (EI) m/z 184 (M+，9%), 183 (88)，117 (M+ - C5H7, 100)，115 (99), 102 (10), 91 
(100), 77 (15), 69 (98). 
92 
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(lf;,3JE:,5E)-l,6-Diphenyl-l,3,5-hexatriene (112h).62 Yellow solid 
(89%). mp 200 - 202。C (lit. 198 - 199。C). mVmax 3021, 1491，1447，1297，1239, 
1120, 1016，771，751, 695; l H NMR (500 MHz) 5 7.44 - 7.19 (10 H, m, ArH), 6.89 (2 
H, ddd, J = 15.6, 6.9，3.1,1 and 5-H), 6.59 (2 H, d，J = 15.5，1 and 6-H), 6.55 - 6.49 
(2 H, dd, J = 6.9，3.1, 3 and 4-H); l 3c NMR 5 137.5, 133.6，132.8, 129.2，128.7, 
127.6，126,4; MS (El) m/z 232 (M+，100%), 141 (M+ - ArCH2, 17), 91 (M+ - ArC5H4, 
16); HRMS OEI) Calcd for CigHi6 232.1252. Found 232.1251; UV X,max nm (log e): 337 
(4.8)，352 (4.9), 372 (4.8). 
( lJE:,3^:,5Z)-l ,6-Diphenyl- l ,3,5-hexatr iene (112i).63 Pale yellow oi l 
(90%). IR Vmax 3012, 1624，1593, 1489，1447, 1290, 1123，1001，753, 693; iR NMR 
(500 MHz) 5 7.42 - 7.20 (10 H, m, ArH), 6.91 (1 H, dd，J = 14.8’ 11.9，2-H), 6.87 (1 
I H, dd, J = 15.6, 10.8，3 or 4-H), 6.60 (1 H, d, J = 15.5，l-H), 6.57 - 6.51 (1 H，dd, J = 
1 15.6，10.8，4 or 3-H), 6.47 (1 H, d，/= 11.4，6-H), 6.35 (1 H, d d ’ / = 11.3’ 11.3，5-H); 
I 
I l 3c NMR 5 137.8’ 137.4, 135.6, 133.2，130.3，129.6, 129.2，129.1, 128.7, 128.3， 
I 127.6, 127.1, 126.5; MS (EI) m/z 232 (M+，87%), 141 (M+ - ArCH2, 52), 91 (M+ -
I IArC5H4, 100). AnaL Calcd for CigHi6: C, 93.06; H, 6,94. Found: C, 92.78; H, 6.88. UV >-max nm (log e): 336 (4.7). 
( lZ ,3E,5Z) - l ,6 -D ipheny l - l ,3 ,5 -hexa t r iene (112j). Yel low solid 
(54%). mp 180 - 181。C IRVmax 3011, 1488，1446, 1290, 1122，997, 749, 691; iR 
NMR (500 MHz) 5 7.40 - 7.22 (10 H，m, ArH), 6.93 (2 H, dd, J = 7.6, 3，3 and 4-H), 
6.47 (2H，d，/= 11.3, 1 and 6-H), 6.31 (2 H，ddd, / = 11.0, 7.7，3.2, 2 and 5-H); l ^ c 
NMR 5 137.7，131.6, 130.7, 130.3, 129.1, 128.3, 127.1; MS (EI) m/z 232 (M+，99%), 
141 (M+ - ArCH2,53), 115 (66)，91 (M+ - ArC5H4, 100). AnaL Calcd for C18H16： G, 
93.06; H, 6.94. Found: C，93.14; H，6.84. UV X ^ ^ nm (log e): 329 (4.7). 
93 
( l E , 3 E , 5 E ) - l . P h e n y N 6 - t r i m e t h y l s i l y M , 3 , 5 - h e x a t r i e n e (112k) . 
Liquid (84%). IRVmax 3011, 2955, 1608，1556, 1446, 1244，1012，834, 750, 692; lR 
NMR (500 MHz) 5 7.42 - 7.20 (5 H, m，ArH), 6.82 (1 H, dd, J = 15.4，10.0’ 2-H), 6.61 
(1 H, dd，J = 18.3，9.6，5-H), 6.59 (1 H, d, J = 15.9, l -H), 6.42 (1 H, dd，J = 14.9， 
10.1，3 or 4-H), 6.35 (1 H, dd, J = 14.7, 9.6，4 or 3-H), 5.94 (1 H，d, J = 18.3，6-H), 
0.11 (9 H, s, SiMes)； l^C NMR 5 144.0, 137.4，135.9, 135.0, 133.4, 133.2, 129.0， 
128.6, 127.6，126.4’ -1.3 (SiMe3); MS (EI) m/z 228 (M+, 95%), 154 (M+ - SiMe3 - H， 
38)，73 (SiMe3+, 100); HRMS (El) Calcd for C15H20Si 228.1334. Found 228.1332; UV 
W nm (log e): 239 (3.9), 309 (4.7)，322 (4.9)，339 (4.7). 
( l Z , 3 E , 5 i E : ) - l - P h e n y l - 6 - t r i m e t h y l s i l y l - l , 3 , 5 - h e x a t r i e n e (1121). 
Liquid (89%). JRVmax 3011, 2955, 1608, 1556, 1446, 1244, 1012，869，834，750, 692; 
l H NMR 5 7.41 - 7.22 (5 H, m, ArH), 6.80 (1 H, dd, J = 14.7’ 11.6, 3 or 4-H), 6.60 (1 
H , d d , / = 18.1,10.3, 5-H), 6.49 (1 H, d, J = 11.6，l-H), 6.38 (1 H, dd，/ = 14.7, 10.3’ 
14 or 3-H), 6.28 (1 H, t, J = 11.4，2-H), 5.96 (1 H, d, J = 18.1，6-H), 0.10 (9 H, s， SiMe3); 13c NMR 5 144.0，137.9，137.7，135.6，130.8，130.1，129.4, 129.0，128.3, 127.0，-1.3 (SiMe3); MS OEI) m/z 228 (M+，46%), 154 [(M - SiMe3 - H)^, 38], 135 (17)， 73 (SiMe3+, 100)，59 (40). Anal. Calcd for C15H20Si: C, 78.88; H，8.83. Found: C, 78.51; H, 8.89. UV Uax nm (log e): 239 (3.9)，309 (4.7), 322 (3.4)，338 (4.7). 
(3iE，5£0-l，3，5-Undecatriene (122).64 Liquid (93%). IR Vmax 3030， 
2927, 2857, 1626，1464，1370，1004，973，895; !H NMR (500 MHz) 5 6.35 (1 H, dt，J 二 
17.0，10.2’ =CH), 6.21 (1 H，dd, J = 14.9，10.3，=CH), 6.12 (1 H，dd, J = 14.9，10.3， 
=CH), 6.06 (1 H，dd，J = 15.0’ 10.6’ =CH), 5.73 (1 H, dt，J = 15.1，7.0’ =CH), 5.16 (1 
H, d, J = 17.0，l-H), 5,03 (1 H, d，J = 10.1，l-H), 2.09 (2 H, q，J = 7.2，7-H), 1.41 -
I.24 (6 H, m)，0.88 (3 H, t，J = 6.9，Me); l ^ c NMR 5 137.2, 136.1, 133.6，131.0, 
94 
130.1，116.0，32.8，31.4, 29.0, 22.5, 14.0; MS CEI) m/z 150 (M+, 100%), 120 (15); UV 
Xmax nm (log £): 257 (4.3), 266 (4.4), 276 (4.3). 
(3iE;,5Z)-l,3,5-Undecatriene (123).64 Liquid (87%). IR Vmax 3016, 
2928, 2589, 1624，1462，1342，1002, 988, 906，758; l H NMR (500 MHz) 5 6.51 (1 H, 
dd, J = 14.8，11.5, =CH), 6.41 (1 H, dt，J = 16.8，10.4, =CH), 6.20 (1 H, dd, J = 14.9， 
10.8，=CH)，6.02 (1 H, t, J = 11.0, 5-H), 5.48 (1 H, d t , / = 10.6，7.7，6-H)，5.20 (1 H, 
d, J = 16.9, l -H) , 5.07 (1 H, d, J = 10.1，l-H), 2.19 (2 H, d, J = 7.6，7-H), 1.41 - 1.25 
(6 H, m), 0,89 (3 H, t, J = 6.5, Me); 1½ NMR 5 137.3，133.6，132.9, 128.7, 128.3’ 
116.7，31.5, 29.3’ 27.9, 22.5，14.0; MS (EI) m/z 150 (M+，15%), 93 (28), 91 (54), 79 
(100), 77 (46), 65 (22); UV X^a^ nm (log e): 258 (4.1)，267 (4.3), 278 (4.2). 
Oct-2-ny-l-ol (113).100 Lithium amide (2.3 g, 100 mmol) was suspended in 
tdry liquid ammonia (30 ml). Propargyl alcohol (2.85 g, 50 mmol) was added dropwise over 20 min to this suspension with vigorous stirring. l-Bromopentane (7.5 g, 50 mmol) 
金 was added dropwise at -40°C over a period of 30 min. After stirring at this temperature for 
2 h, the ammonia was allowed to evaporate. The residue was hydrolyzed with ammonium 
w • 
chloride solution and extracted with diethyl ether (3 x 100 ml). The combined extracts 
were dried (MgSO4), evaporated in vacuo and distiHed to give the acetylenic alcohol 113 
(4 g, 64%) as an oil. b.p. 80。C/6 mm Hg; n i Vmax 3331, 2923, 2289, 2225, 1633，1456， 
1379，1138, 1114; l H NMR 5 4.30 - 4.20 (2 H, m, CH2O), 2.21 (2 H, tt，J = 6.9，2.1)， 
1.61 (1 H, br s, OH), 1.49 (2 H, m), 1.33 (4 H，m), 0.87 (3 H，t, J = 7.0，Me); l ^ c 
NMR 5 86.5 ( = C), 78.3 (=C), 51.3 (CH2O), 31.0，28.3, 22.1，18.7，13.9; MS (EI) m/z 
125 (M+ - H, 1%), 111 (M+ - CH3, 12)，108 (M+ - H2O, 2). 
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Part 3: The Synthesis of Substituted Hexa-3-ene-l,5-diyens. 
General Procedure for the Preparat ion of Symmetr ica l and 
Unsymnietrical Sulfides 162. Method A: for the symmetrical sulfides, the propargyl 
alcohol 159 (10 mmol) was added to a solution 0fPh3P (10 mmol) and CBr4 (10 mmol) in 
benzene (10 ml) at 0。C. After 2 h, the solvent was evaporated in vacuo. The residue was 
extracted with hexane and the combined extracts were washed (NaCl saturated solution), 
dried (MgSO4), filtered and concentrated in vacuo to give crude propargyl bromide 161. 
Then this crude bromide was added to a solution of Na2S (5 mmol) in methanol (10 ml). 
The resulting mixture was stirred at 0°C for 1 h and then at 20°C for 2 h. The reaction 
mixture was poured into water and the solvent was evaporated in vacuo. The aqeous phase 
was extracted with ether and the combined extracts were washed (NaCl saturated solution), 
dried (MgSO4), filtered and concentrated in vacuo. Flash chromatography of the residue 
over silica gel (hexane : ethyl acetate = 100 : 1) afforded a symmetrical propargyl sulfide 
162 as a colorless oil. 
Method B: for the unsymmetrical sulfide，the propargylic thiolacetate 160 (5 
mmol) was added to a solution of KOH (5 mmol) and Na2S2O3.5H2O (10 mg) in methanol 
、• 
(10 ml) under nitrogen. The resulting mixture was stirred at 0°C for 30 min. To this 
thiolate solution was then added dropwise the propargyl bromide 161 (Rl 本 R^, 5 mmol) 
over a period of 5 min and stirring was continued for 1 h at 20°C. The reaction mixture 
was then worked up following the same procedure as that described in Method A. 
The foUowing symmetrical and unsymmetrical sulfides were prepared: 
I2-Octynyl 2'-Propynyl Sulfide (162a). CVlethod B, 89%). IR Vmax 3291 (C=C_H), 2950, 2860，2211 (C = C), 1686，1594, 1466，1390’ 748，633; ! H NMR 5 3.43 (2 H, t, J = 2.3, CH2S), 3.41 (2 H, d, J = 2.6’ CH2S), 2.24 (1 H, t, J = 2.6, 
=CH), 2.19 (2 H，tt, J = 7.1，2.3)，1.54 - 1.48 (2 H, m), 1.38 - 1.30 (4 H, m), 0.88 (3 
96 
:i i 
H, t，/=6.9，Me); l3c NMR 5 84.1 (=C), 79.5 ( = C), 74.7 (=C), 71.0 ( = CH), 31.0， 
28.4，22.1, 19.7，18.8，18.7，13.9; MS (EI) mh 181 (M+ + H, 100%)，180 (10)，126 
(30), 123 (40)，109 (M+ - C3H3S，12), 97 (43), 79 (36), 67 (82); HRMS Calcd for 
Ci iHi6S 180.0973. Found 180.0964. 
• 
4,4-Dimethyl-2-pentynyl 2 ' -Propynyl Sulfide (162b). (Method B, 
81%). IR Vmax 3290 (C = C-H) , 3047, 2931，2204 (C = C), 1684，1488, 1441，1392， 
756, 690; l H NMR 5 3.42 (2 H, s, CH2S), 3.39 (2 H, d，J = 2.6, CH2S), 2.39 (1 H, t, J 
二 2.6’ =CH), 1.22 (9 H, s, r-Bu); l3c NMR 5 92.6 ( = C), 79.5 ( = C), 73.1 ( = C), 70.9 
(=CH), 31.1, 27.5, 19.7’ 18.7; MS (EI) m/z 167 (M+ + H, 17%), 166 (1)，151 (M+ -
Me, 100). Anal. Calcd for Q0H14S: C, 72.23; H, 8.49. Found: C, 72.66; H, 8.56. 
3-Phenyl-2-propynyl 2'-Propynyl Sulfide (162c). (Method B, 82%). 
IR Vmax 3290 (C=C-H) , 3057, 2907，2117 (C = C), 1598, 1490，1225, 757，691; ^H 
NMR 5 7.44 - 7.26 (5 H, m，ArH), 3.64 (2 H, s, CH2S), 3.45 (2 H, d, J = 2.6，CH2S), 
2.28 (1 H, t, J = 2.6’ =CH); 13c NMR 5 131.5，128.4 (overlapping signals), 122,7，84.3 
( = C), 83.3 ( = C), 79.2 (=C), 71.3 ( = CH), 19.9，18.9; MS (EI) mh 186 (M+’ 1 6 % ) , 、 
185 (100), 153 (12), 140 (14)，115 (M+ - C3H3S, 100), 103 (19)，89 (16)，77 (11); 
HRMS Calcd for C12H10S 186.0504. Found 186.0489. Anal. Calcd for C12H10S: C, 
77.37; H，5.41. Found: C，77.65; H, 5.58. 
• 
2-Octynyl 3'-Phenyl-2'-propynyl Sulfide (162d). (Method B, 81%). 
ERVmax 2969, 2221 (C=C), 1489，1455, 1362, 1302，1262, 935, 795, 754，689; ^H 
NMR 5 7.37 - 7.18 (5 H, m, ArH), 3.57 (2 H, s’ CH2S), 3.40 (2 H，t, J = 2.3，CH2S), 
2.14 (2 H，tt, ] = 6.9, 2.0，C = CCH2), 1.52 - 1.39 (2 H, m), 1.39 - 1.26 (4 H, m), 0.82 
(3 H, t，J = 7.0，Me); l ^ c NMR 5 131.8，128.2, 128.1，123.2，84.9 ( = C), 84.1 (=C), 
83.2 (=C), 74.9 (=C), 31.1，28,5, 22.2, 20.0，19.9, 18.8，13.9; MS (EI) m/z 256 (M+， 
97 
<1%), 255 (1)，167 (15), 165 (10)，115 (M+ - CgHnS, 100), 103 (28)，89 (15), 77 (17). f 1 Anal. Calcd for C17H20S: C, 79.63; H，7.86. Found: C, 79.75; H, 7.68. 
f 
I • \ t I 4 ,4-Dimethy l -2-pentyny l 3*-Phenyl-2 ' -propynyI Sulf ide (162e). 
^ (Method B, 80%). IR Vmax 2967, 2241 (C=C), 1490，1361’ 1266, 1222, 795, 756, 690; 
i 
I l H NMR 5 7.45 - 7.28 (5 H, m, ArH), 3.63 (2 H, s，CH2S), 3.46 (2 H, s, CH2S), 1.23 
I (9 H, s，t-Bu); 13c NMR 5 131.8, 128.1，128.0，123.2’ 92.7 (=C), 85.0 ( = C), 83.2 
I (=C), 73.4 (三0，31.1, 27.6, 19.9 (overlapping signals); MS (EI) m/z 242 (M+，<1%), & 
j 226 (11), 196 (29)，181 (22), 119 (53), 115 (M+ - C7H11S, 100)，103 (24)，77 (24). \ 
^ Anal. Calcd for Ci6HigS: C, 79.28; H, 7.48. Found: C, 79.32; H, 7.38. 
农 
i 
.; Di-(2-octynyI) Sulfide (162f). (Method A，75%). IR Vmax 3021, 2189 
1 (C=C), 1597, 1490，1219，963，755; l H NMR 5 3.39 (4 H，t, J = 2.2, CH2S), 2.19 (4 
1 
i H, tt, J = 7.2，2.2)，1.56 - 1.40 (4 H, m), 1.37 - 1.27 (8 H, m), 0.89 (6 H, t, J 二 7.2，2 x % 
I Me); l3c NMR 5 83.8 (=C), 75.1 (=C), 31.0，28.5, 22.2，19.7，18.8，14.0; MS (EI) 
I m/z 250 (M+，<1%), 249 (M+ - H, 5), 235 (M+ - CH3, 6), 221 (M+ - C2H5, 14)，193 (M 
; -C4H9, 29)，165 (M+ - C6Hi3, 21), 151 (M+ - C7H15, 43)，137 (M+ - CgHn, 1 0 0 ) ; 、 
HRMS Calcd for Ci6H26S 250.1749. Found 250.1735. 
.1 • 
: Di-(3-phenyl-2-propynyl) Sulfide (162g). (Method A, 90%). IR v^ax 
； 2969, 2222 (C = C), 1489，1302, 1262，935, 755, 689; !H NMR 5 7.57 - 7.40 (4 H, m, .»• 
r ArH), 7.30 - 7.22 (6 H, m, ArH), 3.41 (4 H, s, CH2S); l ^ c NMR 5 131.8, 128.2, ] -
‘ 128.1, 123.0，84.7 ( = C), 83.5 (=C), 20.2 (CH2S); MS (EI) m/z 262 (M+，24%), 261 
(31)，228 (16)，158 (10)，115 (M+ - C9H7S, 100)，103 (31), 89 (16), 77 (14). AnaL 








1 General Procedure for the Preparation of Sulfones. A mixture of the 
propargyl sulfide 162 (5 mmol) and oxone (25 mmol) in CH2Cl2 (20 m l ) was stirred at 
50®C for 2 - 3 d. The reaction mixture was filtered through a pad of silica gel and the 
filtered cake was washed with CH2Cl2 ： EtOAc (100 ml : 50 ml). The filtrate was 
concentrated in vacuo. Flash chromatography of the residue over silica gel (hexane : ethyl 
acetate = 10 : 1 gradient to 1 : 1) afforded the di-2-propynyl sulfones 163. 
The foUowing suH"ones were prepared: 
1 2-Octynyl 2'-Propynyl Sulfone (163a). Liquid (>95%). IR Vmax 3273 
I (C=C-H), 2958，2932, 2237 (C = C), 1394’ 1332 (0=S=0), 1127 (0=S=0), 869’ 795; 
I 
5 l H NMR 5 4.02 - 4.01 (4 H, m), 2.51 (1 H, t，J 二 2.6，=CH), 2.24 (2 H, tt, / = 7.1， 
1 
2.2), 1.56 - 1.47 (2 H, m)，1.38 - 1.26 (4 H, m)，0.89 (3 H, t，J = 7.2, Me); 13c NMR 5 
“ 89.5 ( = C), 76.3 (=C), 7L2 ( = C), 66.8 ( = CH), 44.1, 42.8, 30.9，27.8，22.0, 18.7, 
- 13.8; MS OEI, 20 eV) mlz 212 (M+，<1%), 119 (29)，109 (M+ - C3H3SO2, 14), 105 (15)， 
92 (16)，91 (30), 81 (35), 67 (100). Anal. Calcd for CnHi6O2S: C, 61.23; H, 7.51. 
Found: C, 60.99; H, 7.62. 
V 
4,4-Dimethyl-2-pentynyl 2 '-Propynyl Sulfone (163b). L iqu id 
(>95%). IR Vmax 3273 (C=C-H), 2958，2931, 2237 (C = C), '1332 (0=S=0), 1127 
(0=s=0), 795; lH NMR 5 4.02 (2 H, s, CH2SO2), 4.01 (2 H, s, CH2SO2), 2.52 (1 H, t， 
J = 2.8，=CH), 1.25 (9 H, s, r-Bu); l^c NMR 5 97.5 (=C), 76.3 (=C), 71.2 ( = C), 65.7 
( = CH), 44.2 (CH2SO2), 42.8 (CH2SO2), 30.5，27.7; MS (EI, 20 eV) mlz 198 (M+, 
； <1%), 119 (64), 117 (29)，105 (14)，95 (M+ - C3H3SO2, 88), 91 (21), 81 (23)，67 (100). 
Anal. Calcd for C10H14O2S: C, 60.57; H, 7.12. Found: C, 60.30; H, 7.01. 
？ ^ 
i 
I 3-Phenyl-2-propynyl 2'-Propynyl Sulfone (163c). Liquid (>95%). IR 
I Vmax3282 (C=C-H), 2959, 2912’ 2241 (C=C), 1715, 1332 (0=S=0), 1128 (0=S=0), 




^ t ； t 
'•S 
795, 759; l H NMR 5 7.49 - 7.30 (5 H, m，ArH), 4.29 (2 H, s, CH2SO2), 4.09 (2 H, d, J 
=2.6，CH2SO2), 2.61 (1 H, t, J = 2.6, =CH); l ^ c NMR 5 13L7, 129.0，128.2，121.1， 
87.8 (=C), 76.7 (=C), 75.8 ( = C), 71.0 ( = CH), 44.4 (CH2SO2), 43.3 (CH2SO2); MS 
OEI, 20 eV) m/z 218 (M+, 1%), 201 (3)，185 (3), 169 (4)，154 (54), 153 (38)，115 (M+ -
C3H3SO2, 100), 89 (14), 77 (2); Anal. Calcd for C12H10O2S: C, 60.57; H, 7.12. Found: 
C, 60.82; H, 6.90. 
2-Octynyl 3'-Phenyl-2'-propynyl Sulfone (163d). Liquid (87%). IR 
Vmax 2956, 2860, 2235 (C = C), 1491，1443’ 1394，1343 (0=S=0), 1173 (0=S=0), 
1127, 868，759, 691; ^H NMR 5 7.50 - 7.27 (5 H，m，ArH), 4.26 (2 H, s, CH2SO2), 
4.07 (2 H，t, J = 2.3, CH2SO2), 2.24 (2 H, tt, J = 7.0, 2.3), 1.58 - 1.48 (2 H, m), 1.39 -
1.26 (4 H, m), 0.89 (3 H, t, J = 6.9，Me); l ^ c NMR 5 131.8, 129.0，128.2, 121.4，89.2 
(=C), 87.5 (=C), 76.1 ( = C), 66.9 (=C), 44.1 (CH2SO2), 44.0 (CH2SO2), 30.7, 27.7， 
21.8，18.6，13.6; MS (EI, 20 eV) mlz 288 (M+, <1%), 247 (21)，229 (25), 209 (17)，180 
(56), 115 (M+ - C8H13SO2, 100)，105 (55), 91 (20); HRMS Calcd for C17H20O2S 
288,1185. Found 288.1184. 
V -
4,4-Dimethy l -2-pentyny l 3*-Phenyl-2*-propynyl Sulfone (163e). 
White solid (87%). mp 15rC. IRVmax2967, 2235 (C=C), 1490，1332 (0=S=0), 1127 
(0=S=0), 795, 759, 692; ^H NMR 5 7.50 - 7.30 (5 H，m，ArH), 4.25 (2 H, s, CH2SO2), 
4.05 (2 H，s, CH2SO2), 1.26 (9 H, s，r-Bu); 13c NMR 5 131.9, 129.1, 128.3，121.6， 
97.3 (=C), 87.6 ( = C), 85.8 ( = C), 76.1 (=C), 44.2 (CH2SO2), 44.0 (CH2SO2), 30,4， 
27.6; MS (EI, 20 eV) m/z 274 (M+, <1%), 247 (15), 229 (13)，207 (17), 195 (100), 180 
I 
I (23), 153 (27)，115 (M+ - C7HnSO2, 100), 95 (85); HRMS Calcd for Ci6Hi8O2S 守 
‘ 274.1028. Found 274.1023. 
100 
r, •： 
'、！ 、1 \ 
Di(2-octynyl) Sulfone (163f). Liquid (90%). IRVmax2959, 2914, 2362 
(C = C), 1448，1406，1290 (0=S=0), 1119 (0=S=0), 964，735, 695; ^H NMR 5 3.98 (4 
H, t, J = 2.3，CH2SO2), 2.23 (4 H, tt, J = 7.0，2.3), 1.55 - 1.46 (4 H, m), 1.38 - 1.26 (8 
H, m)，0.89 (6 H, t, J = 7.3，2 x Me); l ^ c NMR 5 89.1 (=C), 67.0 ( = C), 43.6 
(CH2SO2), 30.9, 27.9, 22.1, 18.8，13.8; MS (JB1, 20 eV) m/z 283 (M+ + H, <1%), 189 
(34), 161 (11)，105 (53)，67 (100). Anal. Calcd for Ci6H26O2S: C, 68.04; H, 9.28. 
.i: 
Found: C, 68.28; H, 9.40. 
Di(3-phenyl-2-propynyl) Sulfone (163g). White solid (89%). m p 
180°C. IRVmax 2992，2956, 2860，2235 (C = C), 1491，1332 (0=S=0)，1127 (0=S=0), 
868，759, 691; ^H NMR 5 7.51 - 7.47 (4 H, m, ArH), 7.38 - 7.26 (6 H, m, ArH), 4,33 
1^ 
! (4 H, s, CH2SO2); 13C NMR 5 132.0, 129.2, 128.4, 121.4，88.0 ( = C), 75,9 (=C), 44.6 
«- 1 I (CH2SO2); MS (EI, 20 eV) m/z 294 (M+, 1%), 230 (26)，115 (M+ ~ C9H7SO2, 100)，89 
； (3). AnaL Calcd for C14Hi8O2S: C, 73.44; H, 4.79. Found: C, 73.20; H, 4.53. i . I ¢. ¥ 
I 
;' General Procedure for the Preparation of Hex-3-ene-l-5-diynes. 
‘ The propargyl sulfone 163 (1 mmol) was added to a stirred suspension of alumina- � 
t 
〜 supported KOH (10 mmol of KOH) in the CH2Cl2 (10 ml) at 0°C. The mixture was then 
^ stirred for 10 min to 1 h. The reaction mixture was filtered through a pad of celite and the 
t . 
j filtered cake was washed throughly with CH2Cl2. The filtrate was concentrated in vacuo j 
I to give the crude enediyne. Flash chromatography of the crude enediyne over silica gel 
(hexane) afforded the following (E) and (Z)-hex-3-ene-l,5-diynes 164. Disubstituted 
A 
_i ‘ 
j enediynes are more stable and can be stored at -30°C for days in hexane solution. The 
terminal enediynes are less stable and tend to polymerize even stored at -30°C for one day. 
t j 
• Hence，we were unable to obtain elemental anaiLysis data of these compounds. Moreover, 
: we could not obtain low resolution mass data of 164a, despite numerous attempts had 





The following hex-3-ene-1,5-diynes were prepared. 
(E)-Undec-3-ene-l,5-diyne (164a). Colourless oi l (43%). Rf = 0.65 
(hexane). IR Vmax3296 (C = C-H) , 2958，2933, 2860，2214 (C = C), 2099, 1760，1590, 
1466，1328, 939; l R NMR 5 6.10 (1 H, ddt, J = 16.6，0.7，2.2, =CH), 5.85 (1 H, ddt, J 
=16.6，0.7，2,2, =CH), 3.09 (1 H, d，J = 2.2, =CH), 2.33 (2 H, dt, J = 2.2，6.6)，1.56 
-1 .51 (2 H, m), 1.38 - 1.28 (4 H, m), 0.91 (3 H, t, J = 7.6, Me); l ^ c NMR 5 123.8 
(=CH), 118.3 (=CH), 96.9 (=C), 82.1 (=C), 80.9 (=C), 78.7 ( = CH), 31.1, 28.2, 
22.2, 19.6’ 13.7; UV ;^ax nm (log B): 245 (4.6)，254 (4.2), 264 (4.3)，275 (4.2). 
{ 
(Z)-Undec-3-ene-l,5-diyne (164a). Colourless oi l (37%). Rf == 0.50 
(hexane). IRVmax3291 (C = C-H), 2957, 2860, 2211 (C=C), 1686，1594, 1416，1390, 
748; l H NMR 5 5.90 (1 H，ddt, J = 10.9，0.7, 2.2，=CH)，5.72 (1 H，dd, J = 10.9, 2.3, 
=CH), 3.29 (1 H, dd, J = 2.2, 0.5, =CH), 2.40 (2 H, dt, J 二 2.2，6.9)，1.59 - 1.50 (2 H, 
m), 1.47 - 1.32 (4 H, m), 0.90 (3 H, t，J = 7.0，Me); 1¾ NMR 5 122.5, 116.9, 99.7 
( = C), 83.6 (=C), 81.0 ( = C), 77.9 ( = CH), 31.0，28.3, 22.2，19.7’ 13.9; UV ?imax nm 
(log e): 231 (4.2)，264 (3.7), 275 (3.6). 
w 
(E)-7,7-Dimethyloct-3-ene-l,5-diyne (164b). Colourless oil (33%). Rf 
, =0.66 (hexane). JR Vmax 3269 (C = C-H), 2933，2860，2214 (C=C), 1760’ 1590, 1466， 
； 1328, 939，633; l H NMR 5 6.07 (1 H, dd, J = 16.0，0.6，=CH), 5.84 (1 H, dd, J = 16.0， 
J 
I • 2.2, =01)，3.08 (1 H, dd，J = 2.2, 0.6, =CH), 1.26 (9 H, s，r-Bu); l3c NMR 5 123.9 
(=CH), 118.2 (=CH), 104.7 (=C), 82.1 (=C), 80.8 (=C), 77.2 ( = CH), 30.7，28.1; MS 
(EI) m/z 133 (M+ + H, 5%), 119 (13)，109 (14), 105 (25), 91 (52), 81 (69)，67 (100); UV 
X,niax nm (log e): 232 (4.0)，264 (3.4)，275 (3.3). 
i 
1 j 收 
: : j 
• 
I fZ)-7,7-Dimethyloct-3-ene-l,5-diyne (164b). Colourless oil (27%). Rf 
I =0.51 (hexane). JR Vmax 3292 (C = C-H), 2957, 2860，2211 (C = C), 1686，1466，747， 
I 633; lH NMR 5 5.90 (1 H，dd, J 二 10.9，0.7, =CH), 5.72 (1 H, dd, J = 10.9，2.4， • 
I =CH), 3.29 (1 H，dd, J = 2.4，0.7，=CH), 1.26 (9 H, s，f-Bu); MS (EI) mlz 132 (M+， 
I 5%), 119 (13), 109 (14)，105 (25), 91 (52), 81 (69)，67 (100), 55 (100); UV Xmax nm I (log £): 231 (4.5), 264 (4.0)，275 (3.9). 
I (E)-l-Phenylhex-3-ene-l,5-diyne (164c). Colourless oil (49%). Rf = 
0.68 (hexane). IRVmax 3291 (C = C-H), 3035, 2198 (C = C), 2097’ 1757, 1600，1489， 
'V'.J : 
1 1442, 936, 755, 689; lH NMR 5 7.46 - 7.42 (2 H, m, ArH), 7.34 - 7.24 (3 H, m, ArH), 
I 
5 6.30 (1 H, d, J = 16.1，=CH), 6.04 (1 H, dd, J 二 16.0，2.5, =CH), 3.42 (1 H, d，J = 2.2, 
=CH); 13c NMR 5 131.7, 128.7, 128.4，122.9’ 122.8, 119.5, 95.0 ( = C), 87.3 ( = G), 
82.2 ( = C), 82.0 ( = CH); MS (EI) m/z 152 (M+，100%), 151 (69)，126 (M+ - C2H2, 41), 
： 87 (17), 77 (10)，51 (25), 63 (33); UV Xmax nm (log e): 239 (3.6), 309 (4.4)，322 (4.6), .>' 





. (Z)- l -Phenylhex-3-ene- l ,5-diyne (164c). Colourless oil (45%). Rf = 
« W 
‘ 0.50 (hexane). JR v^ax 3290 (C=C-H), 3047’ 2205 (C=C), 1684’ 1597, 1570，1488， 
1442, 1031，756, 690; ^H NMR 5 7.51 - 7.48 (2 H, m, ArH), 7.35 - 7.30 (3 H, m，ArH)， 
： 6.13 (1 H, dd, J = 10.9, 0.9, =CH), 5.88 (1 H, dd, J = 10.9，2.3, =CH), 3.42 (1 H, dd, 
I J = 2.2, 0.9’ =CH); l3c NMR 5 131.8，128.7, 128.3, 122.9, 121.6，118.2, 97.6 ( = C), 
I 
r 86.6 (三0，85.0 ( = C), 80.9 ( = CH); MS (El) m/z 152 (M+，100%), 151 (69)，126 (41)， 
{ 98 (15), 87 (17)，77 (10)，51 (25), 63 (33); UY Xmax nm (log e): 296 (4.7)，316 (4.5). 
1 (E)-l-Phenylundec-3-ene-l,5-diyne (164d). Colourless oil (33%). Rf 
=0.59 (hexane). IR Vmax2930, 2198 (C=C), 1557, 1488，1230, 754, 689; iR NMR 5 
7.45 - 7.40 (2 H, m，ArH), 7.32 - 7.25 (3 H, m，ArH), 6.13 (1 H, d, J = 16.0, =CH), 
103 
‘ 
6.04 (1 H, dt, J = 16.0，1.7，=CH)，2.33 (2 H, dt, J = 1.6’ 7.0)，1.60 - 1.50 (2 H，m)， 
1.40 - 1.29 (4 H, m), 0.91 (3 H, t，J = 7.4’ Me); ^ ¾ NMR 5 131.5, 128.3 (overlapping 
signals), 123.2, 121.7, 119.4’ 96.6 (=C), 93.4 (=C), 88.1 (=C), 79.3 (=C), 31.1’ 
28.3, 22.2, 19.7, 13.9; MS (EI) mlz 222 (M+, 76%), 192 (12), 178 (68)，139 (32), 126 
(15), 115 (47)，91 (36), 77 (14); UV ^max nm (log e): 300 (4.9), 321 (4.8). Anal. Calcd 
for C17H18： C, 91.84; H, 8.16. Found: C，91.80; H, 8.00. 
(Z)-l-Phenylundec-3-ene-l,5-diyne (164d). Colourless oil (27%). Rf 
j =0.51 (hexane). IR Vmax 2956, 2931, 2589, 2211 (C = C), 2191，1672，1598, 1488， 
； 1399，755; l H NMR 5 7.48 - 7.44 (2 H，m，ArH), 7.32 - 7.25 (3 H, m, ArH), 5.92 (1 H, 
d, / = 1 0 . 8 , =CH), 5.84 (1 H, dt, / = 10.8’ 2.2, =CH), 2.45 (2 H, d t , / = 2 . 1 , 6.8), 1.66 
-1.54 (2 H, m)，1.50 - 1.28 (4 H, m)，0.88 (3 H, t, J = 7.1，Me); 13c NMR 5 137.7， 
•. _i 
《 128.3, 128.2，123.4，120.2, 118.1，99.5 (=C), 96.1 ( = C), 87.3 (=C), 78.5 (=C), 
’ 31.1, 28.5, 22.2, 19.9, 13.8; MS (EI) m/z 222 (M+，13%), 178 (24)，165 (51)，139 (22), 
‘.v 
； 115 (43), 91 (26), 57 (70); UV Xmax nm (log e): 232 (4.5), 310 (4.7). Anal. Calcd for 
.,y 
C17Hi8: C, 91.84; H, 8.16. Found: C，91.45; H, 8.03. 
I 
t ^ 
‘ (E)-7,7-Dimethy-l-pheneyloct-3-ene-l ,5-diyne (164e). Colourless 
oi l (43%). Rf = 0.70 (hexane). IRVmax 3031, 2969，2222 (C=C), 1754’ 1600，1489， 
1262，935, 690; !H NMR 5 7.62 - 7.41 (2 H，m，ArH), 7.32 - 7.25 (3 H, m, ArH), 6.10 
(1 H, d, J = 16.0，=CH)，6.05 (1 H, d, J = 16.0，=CH)，1.23 (9 H, s, r-Bu); 1½ NMR 5 
>、 
？ 131.6, 128.3 (overlapping signals)，123.2, 121.7，119.3，104.4 (=C), 93.3 ( = C), 88.1 
I ( = C), 77.9 (=C), 30.8, 28.2; MS (EI) m/z 208 (M+，63%), 193 (22), 178 (M+ - C2H6, 
.r 
I 63)，165 (29)，152 (34)，115 (100)，91 (54), 77 (40); UV X^ax nm (log e): 241 (3.8), 337 
1 (4.6)，353 (4.7), 372 (4.5). Anal. Calcd for Ci6Hi6: C, 92.26; H, 7.74. Found: C， f 
I 92.06; H, 7.54. 、 
> 7 ， 
•-JI i i K^ 




(Z)-7,7-Dimethyl-l-Phenyloct-3-ene-l,5-diyne (164e). Colourless oil 
(47%). Rf = 0.52 (hexane). IR Vmax 3025, 2969, 2211 (C = C), 1674，1597, 1567, 1488， 
1361, 1264, 755, 690; l H NMR 5 7.48 - 7.44 (2 H, m, ArH), 7.34 - 7.30 (3 H, m, ArH), 
5.95 (1 H，d，J = 10.7，=CH), 5.86 (1 H，d，J = 10.7，=CH), 1.32 (9 H, s, r-Bu); ^^C 
NMR 5 131.7, 128.3 (overlapping signals), 123.5, 120.4，118.1, 107.5 ( = C), 96.1 
( H Q , 87.4 ( = C), 77.1 (=C), 31.0，28.4; MS (EI) m/z. 208 (M+，68%), 193 (59), 178 
(100), 165 (39), 152 (27), 115 (78)，91 (35)，77 (28); UY W n m (log e): 336 (4.7)，352 
I (4.7)，372 (4.4). Anal. Calcd for Ci6Hi6: C, 92.26; H, 7.74. Found: C，92.10; H，7.62. 
:办. 
(E)-Hexadec-8-ene-6,10-diyne (164f).83 Colourless oil (41%). Rf = 
: 0.71 (hexane). n i Vmax 2957, 2860，2220 (C = C), 1755, 1466, 1387，1329, 937; lR 
NMR 5 5.88 (2 H, t, J = 0.7, =CH), 2.31 (4 H, dt, J 二 0.7，6.9)，1.56 - 1.46 (4 H，m), 
1.40 - 1.20 (8 H, m), 0.89 (6 H，t, J = 7.2，2 x Me); l^c NMR 5 120.3 (=CH), 94.9 
(三0，79.2 ( = C), 31.1，28.4，22,2, 19.6，13.9; MS (EI) m/z 216 (M+，87%), 187 (M+ -
C2H5, 8), 159 (M+ - C4H9, 24), 145 (55), 131 (99), 117 (100)，103 (38), 91 (100); UV 
,,v 
Xmax nm (log £): 262 (4.6)，276 (4.6). 
:f 
、 
(Z;-Hexadec-8-ene-6,10-diyne (164f). Colourless oil (40%). Rf = 0.55 
(hexane); IRVmax 2957, 2934，2220 (C=C), 1756，1466，1329, 937; !H NMR 5 5.73 (2 
； H , t, J = 0.6, =CH), 2.39 (4 H，dt，J 二 7.0)，1.59 - 1.44 (4 H , m), 1.40 - 1.28 (8 H , m), 
jV I 0.89 (6 H, t, J 二 7.2，2 x Me); 1¾ NMR 5 118.9 (=CH), 97.9 ( = C), 78.3 (=C), 31.0， 
j ' 28.4，22.2’ 19.8，13.9; MS (EI) m/z216 (M+，40%), 159 (M^ - C4H9, 12)，145 (30), 
I 131 (62)，117 (71)，91 (100); UV Xmax nm (log e): 262 (4.3)，276 (4.3). 
I (E)-l,6-Phenyl-3-ene-l,5-hexadiyne (164g).84 White solid (40%). mp 
151。C (lit. 151。C). Rf = 0.65 (hexane); m Vmax 3291, 3034，2198 (C=C), 2079’ 1600, 
1489, 1442, 936，755, 689; !H NMR 5 7.49 - 7.45 (4 H，m，ArH), 7.36 - 7.26 (6 H，m， 
105 
^ % I 'h 
ArH), 6.29 (2 H，s’ =CH); 13c NMR 5 131.6，128.6，128.4，123.0，120.7，94.8 (=C), 
88.1 (=C); MS (EI) m/z 228 (M+, 100%), 202 (16)，155 (11)，126 (25), 102 (9)，89 (18 
)，63 (13); UV W nm (log e): 301 (4.7)，321 (5.2). 
(Z)- l ,6-Diphenylhex-3-ene- l ,5-diyne (164g).85 Colourless oi l (40%). 
Rf = 0.50(hexane). DRVmax2978,2187 (C=C), 1684, 1597, 1488, 1069, 754, 688; ^H 
NMR 8 7.54 - 7.50 (4 H, m, ArH), 7.36 - 7.33 (6 H, m, ArH), 6.10 (2 H, s，=CH); MS 
OEI) m/z 228 (M+, 100%), 226 (88), 202 (23), 155 (13)，126 (22), 102 (10), 89 (22), 43 
(88); UY W n m (log e): 327 (4.6). 
General Procedure for the Preparation of PropargyI Thioacetates 
f rom Propargyl Alcohols. A solution o fDL^D (10 mmol) in dry benzene (10 ml) was 
added to a stirred solution of triphenylphosphine (10 mmol) in benzene (100 ml) at 0°C. 
The resulting red solution was kept at 0°C for 15 min and then a precooled (0°C) mixture of 
the propargyl alcohol 159 (10 mmol) and thioacetic acid (10 mmol) in dry benzene (20 ml) 
I 
！ was added in one portion. The mixture was stirred at r.t. for 1 h and the solvent was 
^ removed in vacuo. Flash chromatography of the residue over silica gel (hexane : ethyl 、 
acetate = 10 : 1) afforded the propargyl thioacetates 160 as an oil. 
The following propargyl thioacetates were prepared: 
Oct-2-ynyl-l-thiol Acetate (160h). (92%). !H NMR 5 3.64 (2 H, t，J = 
2.2，1-H)’ 234 (3 H, s, CH3CO)，2.16 (2 H, tt, J = 7.0’ 2.2), 1 50 - 1.42 (2 H, m)，1.37 
-1.26 (4 H, m), 0.88 (3 H, t，J = 7.0, Me); l^c NMR 5 194.2 (00)，83.6 (=C), 74.2 
(=C), 31.0, 28.3’ 22.1，18.3，13.9; MS CEI) mlz 184 (M+ 5%), 177 (15), 160 (75), 143 
(100)，104 (80)，91 (65)，77 (55). AnaL Calcd for CuoHi60S: C, 65.17; H，8.75. 
f|' 
Found: C, 65.75; H，8.45. 
‘.-.:;、“ I 
I 
j 今 杀 % 106 I 
.-..f . 
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广 
4,4-Dimethyl-pent-2-ynyl- l - thiol Acetate (160i). (90%). ^H NMR 5 
3.64 (2 H, s, 1-H), 2.34 (3 H, s, CH3CO), 1.84 (9 H, s, r-Bu); i 3c NMR 5 193.9 
(C=0), 91.7 ( = C), 72.3 (=C), 30.9，30.0，27.3, 18.2; MS (EI) m/z 170 (M+, 60%), 117 
(100). Anal. Calcd for C9H14OS: C, 63.49; H，8.29. Found: C，62.83; H, 8.25. 
3-Phenylprop-2-ynyl-l-thioI Acetate (160j). (80%). ^H NMR 5 7.41 -
7.24 (5 H, m, ArH), 3.88 (2 H, s, 1-H), 2.35 (3 H，s, CH3CO); ^^C NMR 5 193.6 
(C=0), 131.7，128.1，122.7, 84.0 ( = C), 82.7 (=C), 30.0, 18,5; MS OEI) m/z 190 (M+， 
56%), 147 (M+ - CH3CO, 37)，115 (M+-CH3COS，100)，103 (25), 89 (19)’ 77 (16), 63 
(24); HRMS (EI) Calcd for CnHioOS 190.0453. Found 190.0448. 
Oct-2-ny-l-ol (159a = 113) was prepared according to Part 2 (see page 95). 
4,4-Dimethylpent-2-ynyl- l -o l (159i)lOl and 3 -Pheny lp rop -2 -ynyM-
oi (159j)102 were prepared according to literature method. 
Part 4: The Synthesis of Substituted 1,3,5,7-Octatetraenes, 、 
General Procedure for the Preparation of Al lyl Dienyl Sulfides 210. 
Method A: the stereochemically pure aUytic thioacetate 208 (5 mmol) was added to a 
solution of KOH (5 mmol) and Na2S203-5H20 (10 mg) in methanol (10 ml). The 
resulting mixture was stirred at 0°C under nitrogen for 30 min. The methanol was removed 
in vacuo, and the solvent was changed to benzene. To this thiolate solution was then added 
dropwise the stereochemically pure dienyl halide 204 (5 mmol) over a period of 5 min and 
stirring was continued for 1 h at 20°C, The reaction mixture was poured to water (10 mJ[) 
|
and extracted with ether (3 x 20 ml). The combined extracts were washed (NaCl Sat'd 
滋 solution), dried (MgSO4), filtered and concentrated in vacuo. Flash chromatography of the I rf 
、 107 
i 
!| residue over silica gel (hexane : ethyl acetate = 100 : 1) afforded the sulfide 210 as a 
ii • 
colorless Hquid. 
， Method B: The stereochemicaUy pure dienyl thioacetate 205 (5 mmol) was added 
i"-卜， 
f to a solution of KOH (5 mmol) and Na2S2O3.5H2O (10 mg) in methanol (10 ml). The 
resulting mixture was stirred at 0°C under nitrogen for 30 min. The methanol was removed 
in vacuo, and the solvent was changed to benzene. To this thiolate solution was then added 
dropwise the stereochemically pure allyl haHde 207 (5 mmol) over a period of 5 min and 
stirring was continued for 1 h at 20°C. The reaction mixture was then worked up foUowing 
the same procedure as that described in Method A. 
The foUowing aUyl dienyl sulfides were prepared: 
2 -Me thy l - 2 -p ropeny l 5 ' -Pheny l - (2 'E ,4 ' ^ : ) -pen tad ieny l Sul f ide 
(210a), (Method A, 89%). IR Vmax 3022, 2910, 1646，1595, 1448, 1371，1216，987， 
895, 748, 691; l H NMR 5 7.40 - 7.21 (5 H, m, ArH)，6.77 (1 H, dd, J = 15.5，10.1，4'-
H), 6.50 (1 H, d，J = 15.4, 5'-H), 6.20 (1 H，dd，J = 15.4, 10.1，3'-H), 5.73 (1 H, dt，J 
=15.1，7.7，2'-H), 4.89 - 4.88 (1 H, m, 3-H), 4.84 - 4.83 (1 H, m，3-H), 3.15 (2 H, d, J 
=7.7，CH2S), 3.08 (2 H, s，CH2S), 1.83 (3 H, s, Me); l3c NMR 141.2，137.3，132.9， 
^ • 
131.9，130.0，128.6, 128.3, 127.4，126.3, 113.4，38.3，33.1，20.8; MS (EA) m/z 230 
(M+’ 2%), 174 (M+ - C4H8, 9), 157 (14)，143 (34)，131 (100)，103 (66)，91 (33)，77 
(77), 55 (89); HRMS Calcd for C15Hi8S 230.1130. Found 230.1139. 
2-Methy l -2-propenyI 4 ' -Methyl-5 ' -phenyl- (2 '£: ,4 ' i5: ) -pentadienyl 
Sulfide (210b). (Method B, 93%). IRVmax3022, 2913，1597，1490，1439，1213, 
1070，1015，966，916，746, 696; l H NMR 5 7.37 - 7.22 (5 H, m, ArH), 6.47 (1 H, s, 5'-
H), 6.27 (1 H, d, J = 15.5, 3'-H), 5.73 (1 H，dt，J = 15.4, 7.9，2'-H), 4.89 (1 H，s, 3-
H), 4.86 - 4.85 (1 H, m, 3-H), 3.19 (2 H, d, J = 7.4, CH2S), 3.10 (2 H, s, CH2S), 2.01 
(3 H，s, Me)，1.84 (3 H, d , / = 0.6, Me); 13c NMR 5 141.3，137.8，137.7，135.0，130.8， 
108 
129.1，128.0，126.5, 125.0，113.4，38.2，33.3, 20.8，13.9; MS (EI) m/z 244 (M+，8%), 
189 0V1+ - C4H7, 16)，188 (31)，173 (M+ - C5Hn, 21), 157 (M+ - C4H7S, 92), 142 (M+ -
C5H10S, 44)，129 (M+ - C6Hi iS, 100), 115 (45), 91 (34)，77 (17). Anal. Calcd for 
Ci6H20S: C, 78.63; H, 8.25. Found: C, 78.59; H, 8.30. 
(2E) -Bu teny l 4 ' -Me thy l -5 ' -pheny l - (2 'E ,4 ' ^ ) -pen tad ieny l Sulf ide 
(210c). (Method B, 81%). IR Vmax 3022, 2910，1646，1448, 1371，1216，987, 895， 
748，691; l H NMR 5 7.37 - 7.21 (5 H, m, ArH), 6.48 (1 H, s, 5'-H), 6.27 (1 H, dq, J = 
15.4, 0.8，3'-H), 5.73 (1 H，dt, J= 15.3, 7.4，=CH), 5.53 (1 H, dt, J= 15.4，7.4， 
=CH), 5.42 (1 H, dtq, J = 15.5, 7.5，1.1，=CH), 3.21 (2 H, d, J = 7.5, CH2S), 3.10 (2 
H, d，J = 7.4，CH2S), 2.01 (3 H, d, J 二 1.1，Me), 1.67 (3 H, d, J 二 7.5’ Me); l^C NMR 
5 137.8, 137.6, 135.1, 130.8, 129.1，128.2，128.1，127.2, 126.5, 125.3, 33.3, 33.0， 
17.6，13,9; MS OEI) mlz 244 (M+，9%), 189 (M+ - C4H7, 31)，173 (M+ ~ C5Hn, 7)，157 
(M+ - C4H7S, 100)，142 (M+ - C5H10S, 22)，129 (M+ - C6HuS, 53), 115 (23)，91 (18), 
55 (20); HRMS Calcd for Ci6H20S 244.1287. Found 244.1277. 
3-Methy l -2 -Bu teny I 4 ' -Me thy l -5 ' - pheny l - (2 'E ' , 4 ' ^ ) -pen tad ieny l 
^ 
Sulfide (210d). (Method B, 90%). JR Vmax 3012, 1488，1446，1291，1121，1071, 
999，751, 692; lR NMR 5 7.40 - 7.22 (5 H, m, ArH), 6.51 (1 H, s, 5'-H), 6.32 (1 H, d, 
J = 15-.4, 3'-H), 5.84 (1 H，dt，J = 15.5, 7.6，2’-H)，5.30 - 5.26 (1 H, m, 2-H), 3.23 (2 
H, d，J = 7.3，CH2S), 3.17 (2 H, d, J = 7.6，CH2S), 2.05 (3 H, s, Me)，1.79 (3 H, s, 
Me), 1.71 (3 H，s, Me); l3c NMR 5 137.8，137.4，135.1, 130.8, 129.3，129.1，128.1， 
126.5, 125.5，120.7，33.8, 28.8，25.6, 17.8，13.9; MS OEI) mlz 258 (M+，9%), 189 (M+ 
-C5H9, 46)，157 (M+ - C5H9S, 100), 129 (M+ - C7H13S, 37), 115 (16)，105 (35), 91 
(12), 69 (23); HRMS Cakd for C17H22S 258.1443. Found 258.1434. 
109 
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( E ) - C i n a m m y l 5 ' -Pheny l - (2 'F ,4 'E ) -pen td ieny l Sul f ide (210e). 
(Method A, 66%). IR Vmax 3021，2919，1597, 1494, 1213, 960，746，696; ^H NMR 5 
7.34 - 7.14 (10 H，m，ArH), 6.72 (1 H，dd, J = 15.6, 10.4，=CH), 6.44 (1 H, d, J = 
15.4，=CH), 6.38 ( 1 H, / = 15.4, =CH), 6.18 (1 H, dd, J == 15.0，10.3, =CH), 6.11 (1 
H, dt, J = 15.7, 7.5, =CH), 5.70 (1 H，dt, J = 15.0，7.5, =CH), 3.20 (2 H, d, J = 7.0， 
CH2S), 3.20 (2 H, d’ J = 7.0，CH2S); l 3c NMR 5 137.9, 137.4, 133.8，133.1，132.7, 
130.7，129.3 (overlapping signals), 128.9, 128.2 (overlapping signals), 127.0 
(overlapping signals), 126.6, 33.9 (CH2S), 33.6 (CH2S); MS (EI) m/z 292 (M+, 2%), 
143 (M+ - PhC3H4S, 40)，117 (M+ - PhC6H5S, 100)，91 (67)，77 (34); HRMS Calcd for 
C20H20S 292,1287. Found 292.1270. 
(E) -C inammyl 4 ' -Methyi-5'-phenyl-(2'£: ,4 '£:)-pentadienyl Sulf ide . 
(210f). (Method B，82%). IR Vmax 3054, 3021，1492，1446, 1394，1220, 1075, 1030， 
808，771, 700; lR NMR 5 7.41 - 7.20 (10 H，m, ArH), 6.48 (1 H, s, 5-H), 6.46 (1 H，d, 
J = 15.1，=CH), 6.30 (1 H, d, J = 15.4, =CH), 6.19 (1 H, dt, J = 15.7，7.3，=CH), 5.74 
(1 H，dt，J = 15.3，7.3, =CH), 3.32 (2 H, d, J = 8.2, SCH2), 3.28 (2 H, d, J = 8.2, 
SCH2), 2.01 (3 H, s, Me); l ^ c NMR 5 137.9, 137.7, 136.8，135.1，132.4’ 130.9， 
w 
129.2, 128.5, 128.1’ 127.5，126.6，126.3，126.1，125.2’ 33.4 (overlapping signals, 
CH2S), 14.0 (Me); MS (EI) m/z 306 (M+，5%), 189 (50), 157 (90)，115 (97)，105 (100)， 
67 (100). AnaL Calcd for C21H22S: C, 82.30; H, 7.24. Found: C, 82.35; H, 7.47. 
5-Phenyl - (2E, 4E)-pentadienyl 3 ' -T r ime thy Is i l y l - (2 'E ) -p ropeny l 
Sulfide (210g). (Method B, 81%). IR v^ax 3022, 2913，1597, 1490’ 1439，1213， 
1015’ 966，916，745, 969; l R NMR 5 7.44 - 7.29 (5 H, m, ArH), 6.81 (1 H, dd, J = 
15.7，10.4，4-H)，6.53 (1 H，d，J = 15.7, 5-H), 6,24 (1 H, dd, J 二 15.1，10.4，=CH), 
5.98 (1 H, dt, J = 18.3, 6.5, 2'-H), 5.80 (1 H, dt, J = 15.0, 10.0，=CH), 5.75 (1 H，d, / 





137.3’ 133.5, 133.0，132.0, 130,1, 128.6, 128.3’ 127.5，126.3，36.3 (CH2S), 32.9 
m 
(CH2S), -1.2 (SiMe3); MS (EI) m/z 288 (M+, <1%), 131 (4)，43 (100); HRMS Calcd for 
M - R = C17H23SSi: 287.1291. Found 287.1302. 
4-Methy l -5 -Pheny l - (2^ : ,4E) -pen tad ieny l - l -o l (203). To a stirred 
solution of triphenyl ethyl formate phosphonium bromide 201 (34 g, 100 mmol) in dry 
benzene (100 ml) was added 4-methyl cinnamyaldehyde 200 (10 g, 68.5 mmol) dropwise 
at 0°C under nitrogen. The resulting solution was stirred at r.t. for 5 h. The reaction 
mixture was ihen poured into ice water and the aqueous phase extracted with ethyl acetate 
(3 X 50 ml). The combined organic solvents were dried (MgSO4), filtered, evaporated in 
vacuo and purified by flash chromatography on silica gel with hexane-ethyl acetate (3 : 1 
gradient to 1 : 1) as eluent to give ethyl 4-methyl-5-phenyl-(2E,4E)-pentadienyl acetate 202 
(13 g, 88%). l H NMR 5 7.51 (1 H, d, J = 15.6, 3-H), 7.45 - 7.18 (5 H, m, ArH), 6.77 
(1 H, s，5-H), 5.95 (1 H, d，J = 15.6, 2-H), 4.21 (2 H, q，J = 7.3，CH2), 1.97 (3 H, s, 4-
Me), 1.28 (3 H, t, / = 7.0，Me); 1½ NMR 5 166.7 ( 0 0 ) ’ 149.2，138.4, 136.4’ 133.7， 
129.1，127,9, 127.3，117.3，59.8，14.0, 13.2. To a stirred solution o f D f f i A L (100 ml, 
1.0 M in hexane) was added this ethyl 4-methyl-5-phenyl-(2E,45)-pentadienyl acetate 202 
w • 
(10.8 g, 50 mmol) at 0°C under nitrogen. The resulting solution was stirred at 20°C for 1 
h. The reaction mixture was then poured into ice water and the aqueous phase extracted 
with ethyl acetate (3 x 50 ml). The combined organic solvents were dried (MgSO4), 
filtered, concetrated in vacuo to give 4-methyl-5-phenyl-(2E,4E)-pentadienol 203. l H 
NMR 6 7.34 - 7.19 (5 H，m, ArH), 6.52 (1 H, s, 5-H), 6.44 (1 H, d, J = 15.7, 3-H), 
5.92 (1 H，dt, J = 15.7，6.0，2-H), 4.26 (2 H, d’ J = 6.0’ CH2), 2.35 (3 H, s, 4-Me), 
1.86 (1 H, s, OH); MS (EI) m/z 174 (M+, 23%), 156 (M+ - H2O, 33), 143 (100)，128 





4.Methy l -5-Pheny l - (2E,4JEr) -pentad ieny l Thioacetate (205). 4-
Methyl-5-phenyl-(2E,4E)-pentadienol (203) can be converted dienyl thioacetate 220 by 
the procedure described for the preparation of allyl thioacetates (see Part 2, page 84). 
Thus, 4-methyl-5-phenyl-(2E,4E)-pentadienyl thioacetate 205 was preparaed in 94% 
yield. ^H NMR 8 7.36 - 7.18 (5 H, m, ArH), 6.49 (1 H, s, 5-H), 6.41 (1 H, d，J = 15.4， 
3-H), 5.72 (1 H, dt, J = 15.4’ 7.0，2-H), 3.64 (2 H，d, J = 6.9，CH2), 2.34 (3 H, s, 
CH3C=O), 1.96 (3 H, s, CH3); l3c NMR 5 195.0 (0=0), 138.5, 137.7，134.9，131.5, 
129.1，128.1, 126.6, 123.6，31.8, 30.4，13.8; MS (El, 70 eV) m/z 232 (M+，18%), 189 
(M+ - CH3CO, 13)，157 (M+ - CH3COS, 100), 142 (45), 129 (87)，115 (45), 105 (41)， 
91 (44), 77 (23). Anal. Calcd for C14Hi6OS: C, 72.37; H, 6.94. Found: C，72.08; H, 
6.74. 
General Procedure for the Preparation of Al ly l Dienyl Sulfones. A 
mixture of the suMde 210 (5 mmol) and oxone (25 mmol) in CH2Cl2 ： MeOH (20 m l : 10 
m l ) was stured at 20°C for 3 - 5 d. The reaction mixture was fikered through a pad of silica 
gel and the filtered cake was washed with CH2Cl2 ： EtOAc (100 m l : 50 ml). The filtrate 
was concentrated in vacuo. Rash chromatography of the residue over silica gel (hexane : 
w . 
ethyl acetate = 10 : 1 gradient to 1 : 1) afforded the foUowiiig sulfone 211. 
The following sulfones were prepared. 
2-Methy l -2 -p ropeny l 5 ' -Pheny l - (2 'E ' ,4 'E) -pentad ieny l Sulfone 
(211a). White solid (90%). mp 110°C. IR Vmax 3030, 2937, 1492，1446, 1290 
(0=s=0), 1120 (0=S=0), 924，795, 691; !H NMR 5 7.43 - 7.26 (5 H, m, ArH), 6.81 (1 
H, dd，J = 15.5, 10.4，4’-H), 6.62 (1 H, d, J = 15.6，5'-H), 6.49 (1 H, dd，J = 15.2, 
10.4, 3'-H), 5.82 (1 H, dt，J = 15.3’ 7.7，2'-H), 5.25 (1 H, t，J = 1.4，3-H), 5.10 (1 H, 
s, 3-H), 3.83 (2 H，d，J 二 7.5, CH2SO2), 3.68 (2 H，s, CH2SO2), 1.99 (3 H, s, Me); l3c 
NMR 5 139.4’ 136.6，135.0，134.0’ 128.7，128.2, 127.2，126.6, 120.5, 118.6，60.0 I I :l 112 fi •，.:  •j 
‘； \ . j 
1 
• 
(CH2SO2), 56.1 (CH2SO2), 22,7 (Me); MS (El, 20 eV) m/z 262 (M+，2%), 144 (40), 143 
(M+ - C4H7SO2, 100)，128 (98)，115 (22), 91 (17), 65 (8); HRMS CalcdforC15Hi8O2S 
262.1028. Found 262.1032. AnaL Calcd for C15Hi8O2S: C, 68.77; H, 7.11. Found: C, 
68.80; H, 7.11. 
• 
2-Methy l -2 -p ropeny l 4 ' -Me thy l -5 , -pheny l - (2 'E ,4 'E ) -pen tad ieny l 
Sulfone (211b). White solid (85%). mp 121^C. IR Vmax 3086, 2928, 2933，1647, 
1413, 1282 (0=S=0), 1119 (0=S=0), 978, 712，696; lR NMR 5 7.35 - 7.17 (5 H, m, 
ArH), 6.54 (1 H, s, 5'-H), 6.48 (1 H, d，J = 15.5，3'-H), 5.74 (1 H, dt, J = 15.4，7.5, 
2'-H), 5.23 - 5.21 (1 H，in, 2-H), 5.07 (1 H, s, 2-H)，3.82 (2 H, d，J = 7.5, CH2SO2), 
3.65 (2 H，s, CH2SO2), 1.99 (3 H, s, Me), 1.96 (3 H，s, Me); l3c NMR 5 144.4’ 137.1， 
134.5，134.5，133,8，129.2，128.2，127.1’ 120.5, 114.3，59.9 (CH2SO2), 56.2 
(CH2SO2), 22.7 (Me), 13.8 (Me); MS OEI, 20 eV) m/z 276 (M+, <1%), 157 (M+ -
C4H7SO2, 100)，142 (28)，129 (61), 115 (29); HRMS Calcd for Ci6H20O2S 276.1185. 
Found 276.1183. 
(2E)-Butenyl 4 ' -Methy l -5 ' -phenyl - (2 '£ ,4 '£ : ) -pentadienyl Sulfone 
Ik . 
(211c). White solid (81%). mp 124。C. IR v^ax 3051, 2922, 1414, 1331，1292 
(0=s=0), 1119 (0=S=0), 978，758, 728; iR NMR 5 7.39 - 7.22 (5 H, m, ArH), 6.58 (1 
H, s, 5^-H), 6.40 (1 H ’ d，J 二 15.6，3'-H), 5.88 (1 H, dt, J 二 15.3’ 6.5，=CH), 5.78 (1 
H，dt, J = 15.5，7.6，=CH), 5.58 (1 H，dtq, J = 15.5, 7.6，1.6，=CH), 3.80 (2 H，d, J = 
7.6，CH2SO2), 3.67 (2 H, d, J == 7.6，CH2SO2), 2.03 (3 H, s，Me), 1.80 (3 H, d, J = 
7.6，Me); 13c NMR 5 143.9，136.9’ 136.1, 134.3’ 133.5，129.0，128.0，126.9’ 117.2, 
114.1, 55.6 (CH2SO2), 55.4 (CH2SO2), 18.0 (Me), 13.6 (Me); MS (EI, 20 eV) m/z 276 
(M+, <1%), 157 (M+ - C4H7SO2, 100), 129 (60), 115 (25), 91 (22)，77 (10). AnaL 
Calcd for Ci6H20O2S: C，69.53; H, 7.29. Found: C, 69.21; H, 7.18. 
113 
3 - M e t h y l - 2 - B u t e n y l 4 ' -Me thy l - 5 ' - pheny l - ( 2 ' ^ , 4 ' i 5 : ) - pen tad ieny l 
Sulfone (211d). White solid (83%). mp 132°C IRVmax2978, 2931, 1668，1449， 
1461, 1291 (0=S=0), 1119 (0=S=0), 977, 734，695; lR NMR 5 7.38 - 7.22 (5 H, m， 
ArH), 6.57 (1 H, s，5'-H), 6,50 (1 H，d，J = 15.6, 3'-H), 5.77 (1 H, dt, J = 15.5, 7.8’ 
2'-H), 5.32 (1 H, t，J = 7.6，2-H), 3.74 (2 H, d, J = 7.7, CH2SO2), 3.70 (2 H, d，J = 
7.7, CH2SO2), 2.03 (3 H, s’ Me)，1.85 (3 H, s, Me), 1.61 (3 H, s，Me); 1 ¾ NMR 5 
143.0, 142.5, 137.1，134.4, 133.7, 129.2，128.2, 127.0, 114.3，110.4, 56.2 (CH2SO2), 
52.0 (CH2SO2), 25.9 (Me), 18.5 (Me), 13.8 (Me); MS (EI, 20 eV) m/z 290 (M+, <1%), 
157 (M+ - C5H9SO2, 100)，91 (19)，77 (9)，69 (45); HRMS Calcd for C17H22O2S 
290.1341. Found 290.1350. • 
(E ) -C inammy l 5 ' -Pheny l - (2 'E,4 'E) -pentad ienyI Sulfone (211e). 
White solid (70%). mp201。C. IR Vmax 2959, 2941，1489，1325 (0=S=0), 1135 
(0=S=0), 892, 760’ 691; ^H NMR 5 7.45 - 7.25 (10 H, m，ArH), 6.82 (1 H, dd, J 二 
15.5, 10.0，=CH), 6.69 (1 H，d，/=16.0，=CH), 6.61 (1 H, d , / = 15,6，=CH), 6.49 (1 
H, dd, J = 15.2, 10.4, =CH), 6.26 (1 H, dt，J = 15.8, 7.6，=CH)，5.84 (1 H, dt, J = 
15.3, 7.4，=CH), 3.88 (2 H, d’ J = 7.7, CH2SO2), 3.82 (2 H, d, J = 7.6，CH2SO2); 1½ 
V 
NMR 5 140.2, 139.8, 137.0，136.1，135.8 (overlapping signals), 129.4, 129.3, 128.9, 
127.7, 127.4，127.3，119.0, 115.9, 56.8 (CH2SO2), 56.6 (CH2SO2); MS ¢:1, 20 eV) m/z 
324 (M+，1%), 323 (6)，143 (M+ - C9H9SO2, 100), 128 (49)，91 (13). AnaL Calcd for 
C20H20O2S: C, 74,04; H，6.21. Found: C，73.82; H, 6.09. 
I: I . ^ : 
;. 
j (E)-Cinammyl 4 ' -Methyl-5 ' -phenyl-(2 'E,4 'E)-pentadienyl Sulfone 
I' 
(211f). White solid (90%). mp 228°C. m Vmax 3058, 2959, 1451, 1292 (0=S=0), 
1116 (0=S=0), 957，751, 692; l H NMR 5 7.41 - 7.25 (10 H，m, ArH), 6.70 (1 H, d，J = 
15.9，=CH), 6.55 (1 H，s，5'-H), 6.51 (1 H，d，J = 15,5, =CH), 6.27 (1 H，dt，J = 15.9, 
7.5, =CH), 5.81 (1 H, dt, J = 15.5, 7.7，=CH), 3.90 (2 H, d，J = 7.6，CH2SO2), 3.85 (2 
， 114 
4. 、 
H, J = 7.7, CH2SO2), 2.03 (3 H, s, Me); ^^C NMR 8 144.4, 139.1，137.1，135.6, 
134.5, 133.9, 129.2, 128.8，128.7，128.2, 127.1，126.7, 115.4，114.2，56.3 (CH2SO2), 
56.2 (CH2SO2), 13.8 (Me); MS (EI, 20 eV) m/z 338 (M+, <1%), 189 (1)，157 (M+ -
PhC3H4O2S, 100)，142 (21), 129 (42)，115 (27)，91 (19), 77 (6). Anal. Calcd for 
C21H22O2S: C, 74.52; H, 6.55. Found: C, 74.61; H, 6.32. 
5-Pheny l - (2F ,4E) -pen tad ieny l 3 ' - T r i m e t h y l s i l y l . ( 2 ' E ) - p r o p e n y I 
Sulfone (211g). White solid (90%), mp 175。C. IR Vmax 3028, 2928，2933，1448， 
1377，1290 (0=S=0), 1119 (0=S=0), 978, 921，720; ^H NMR 5 7.38 - 7.18 (5 H, m, 
ArH), 6.75 (1 H, dd，J = 16.6，10.3，4-H), 6.56 (1 H，d, J 二 15.6，5-H), 6.39 (1 H, dd， 
J = 15.2, 10.4，3-H), 6.10 (1 H, d，J 二 18.5, 3'-H), 6.05 - 5.94 (1 H, m，J-H), 5.75 (1 
H, dt, J = 15.2, 7.7, 2-H), 3.73 (2 H, d，J = 7.5, CH2SO2), 3.70 (2 H, d，J = 7.5, 
CH2SO2), -0.60 (9 H, s，SiMe3); 13C NMR 5 143.0，139.4，136.6, 135.1，131.4，128.7， 
128.2，127.1, 126.6, 118.5，59.0 (CH2SO2), 56.0 (CH2SO2), -1.6 (SiMe3); MS m/z 320 
(M+，4%), 144 (51)，128 (100)，115 (55), 91 (36)，77 (49); HRMS Calcd for 
C17H24O2SSi 302.1267. Found 302J265. 
<k. 
General Procedure for the Preparation of 1,3,5,7-Octatraenes 212. 
The suH"one 211 (1 mmol) was added to a stirred suspension of alumina-supported KOH 
(10 mmol of KOH) in the solvent mixture (10 ml) at 0°C. The mixture was then stirred for 
10 min to 2 h. The reaction mixture was filtered through a pad of ceHteand the filtered cake 
was washed throughly with CH2Cl2. The filtrate was concentrated in vacuo to give the 
I crude octatetraene 212. Flash chromatography over silica gel (hexane) afforded the 
I 
following octatetraenes. Phenyl substituted octatetraenes are more stable, terminal 
-> 
octatetraenes are less stable and tend to polymerize or decompose to give precipitates when 
stored at -30°C for days in hexane solution. 
The foUowing octatetraenes were prepared: 
115 
I 
( lE,3^; ,5E)-7-Methyl- l -phenyI- l ,3,5,7-octatetraene (212a), L i qu i d 
(80%). IR Vmax 3029, 2932, 1678，1599, 1453, 1360, 1255, 1108, 993，734’ 700; ^H 
NMR (500 MHz) 5 7.40 (2 H, t，J = 7.6，ArH), 7.31 (2 H, t, J = 7.6，ArH), 7.21 (1 H, t, 
J = 7.6，ArH), 6.85 (1 H, dd, J = 15.5，10.3，=CH), 6.56 (1 H，d, J = 15.6，l-H), 6.45 
(1 H, dd, J 二 14.5’ 8.9，=CH), 6.40 (1 H, dd，J = 15.0’ 7.6，=CH), 6.38 (1 H, d, J = 
16.2，6-H), 6.31 (1 H，dd, J = 14.5，8.4，=CH), 5.03 (1 H，s, 8-H), 5.01 (1 H, s, 8-H), 
1.90 (3 H，s，Me); l ^ c NMR 5 142.2，137.5, 135.9, 133.6，133.3’ 132,4，129.3，129.2, 
鲁 
I 128.6, 127.5，126.4, 117.0，18.5 (Me); MS (EI) m/z 196 (M+，2%), 181 (3)，171 (3)， 
>^  
！ 165 (5), 131 (19)，117 (16), 105 (57), 103 (14)，91 (42), 77 (46); UV ^max nm (log e): 
r:； 
242 (4.6), 278 (4.6)，311 (4.4), 324 (4.5), 337 (4.5)，381 (4.4). 
( lE ,3E ,5E) -2 ,7 -D ime thy l - l -Pheny I - l , 3 ,5 ,7 -oc ta te t raene (212b). 
Liquid (89%). IR Vmax 2983, 2924, 1679，1453, 1377, 1360, 1002，912, 734，701; iR 
NMR (500 MHz) 5 7.36 - 7,30 (4 H，m, ArH), 7.23 (1 H, t, J = 7.5，ArH), 6.54 (1 H，s, 
l -H), 6.49 (1 H, d，J = 15.5, 3-H), 6.45 (1 H，dd, J = 15.5, 10.0, =CH), 6.39 (1 H, d, J 
=16.5, 6-H), 6.36 (1 H, dd，J = 16.5, 10.0, =CH), 5.01 (1 H，s, 8-H), 5.00 (1 H, s，8-
w . 
H), 2.05 (3 H，s, Me)，1.91 (3 H, s, Me); l 3c NMR 5 142.3, 138.4, 137.9，136.0， 
135.4, 131.7, 129.7, 129.2，128.8，128.1，126.5, 116.6’ 18.5 (Me), 13.9 (Me); MS (EI) 
m/z 210 (M+，100%), 195 (27)，184 (5), 181 (9)，165 (18), 155 (16), 131(22), 115 (28)， 
105 (14), 91 (47)，77 (23); UV Xmax nm (log 8): 210 (5.1), 250 (4.5), 260 (4.5), 300 
(4.7)，315 (4.7), 329 (4.8)，345 (4.9), 364 (4.7)，381 (3.7). 
( l ^ : ,3E ,5 f : ,7E) -2 -Methy l - l -Pheny l - l , 3 ,5 ,7 -nona te t raene (212c). 
Liquid (92%). IR Vmax 2984, 2933, 1674, 1453, 1367, 1119，992, 912，734，701; ^H 
NMR (500 MHz) 5 7.35 - 7.29 (4H, m, ArH), 7.21 (1 H，t，/ = 7.5’ ArH), 6.51 (1 H, s, 
l -H), 6.38 (1 H, d，J 二 15.5, 3-H)，6.34 (1 H, dd，J = 15.6，8.0, =CH), 6.27 (1 H，dd，J 
116 
J I 
=15.6, 10.5, =CH), 6.23 (1 H, dd, / = 15.6，10.5, =CH), 6.14 (1 H, ddq, / = 15.1, 
10.1, 2.0，7-H), 5.74 (1 H, dq, J = 15.0, 6.5, 8-H), 2.04 (3 H, s, Me), 1.80 (3 H，d, J = 
6,5’ Me); l3C NMR 5 138.6, 137.3, .136.1, 133.1, 132.0，131.3, 130.8，129.8，129.2， 
128.9, 128.1, 126,5，18.3，13.9; MS (EI) mlz 210 (M+，30%), 195 (16)，169 (18)，155 
(15)，129 (22), 115 (26), 105 (54), 91 (53), 77 (40); UV .^max nm (log e): 244 (4.6)，278 
(4.6), 381 (3.8). Anal. Calcd for C16H18： C，91.37; H，8.63. Found: C, 90.82; H，8.41. 
( l E , 3 E , 5 E ) - 2 , 8 - D i m e t h y l - l - P h e n y l - l , 3 , 5 , 7 - n o n a t r a e n e (212d). 
Liquid (90%). IR Vmax 2984, 2934，1674，1597，1453, 1376，1120, 992, 734, 701; !H 
NMR (500 MHz) 5 7.35 - 7,20 (5 H,. m，ArH), 6.51 (1 H, s, 1-H)，6.49 (1 H, dd, J = 
15.0，11.0, =CH), 6.44 (1 H, dd, J = 15.5, 9,5, =CH), 6.40 (1 H, d，J = 15.1，3-H), 
6.24 (1 H, dd, J = 15.0’ 9.5, =CH), 5.92 (1 H，d’ J = 11.0，7-H), 2.05 (3 H，s, Me)， 
1.83 (3 H，s，Me)，1.81 (3 H，s，Me); l3c NMR 5 137.9’ 136.6’ 135.4, 135.0，131.7， 
130.9，130.1，129.7’ 129.4, 128,1, 126.4，125.7, 26.2 (Me), 21.0 (Me), 18.5 (Me); MS 
(EI) m/z 224 (M+，43%), 210 (28), 195 (13)，181 (21), 165 (47)，152 (24), 129 (37)，115 
(59), 105 (31)，91 (84)，77 (60); UV Xmax nm (log £): 215 (4.5)，241 (4.7), 284 (4.7), 
381 (2.5). Anal. Calcd for C17H20： C, 91.01; H’ 8.99. Found: C, 90.85; H, 8.70. 
^ . 
( l£: ,3E,5E,7£:)- l ,8-Diphenyi- l ,3,5,7-octatetraene (212e).^5 Ye l low 
solid (90%). mp 233^C (lit. 235°C). IR Vmax 3012’ 1488，1446’ 1289, 1072, 996，748, 
692; l H N M R (500 M H z ) 5 7.41 (4 H，d，J = 7.5, A r H ) , 7.33 (4 H，t，J = 7.5 ’ A r H ) , 
7.22 (2 H, t，J = 7.5，ArH), 6.86 (2 H，dd，J = 15.0, 6.0’ =CH)，6.58 (2 H, d, J = 15.5, 
=CH), 6.45 (4 H，m, =CH ); 1¾ NMR 5 137.6, 133.5, 132.8，129.3，128.7, 127.6， 
126.4. MS (EI) m/z 258 (M+, 100%), 215 (10), 180 (14), 167 (72), 154 (51), 128 (38)， 
117 (58), 91 (32); HRMS Calcd for C20Hi8 258.1409. Found 258.1420. UV Xmax nm 




( lJ5 : ,3E,5E,7E)- l ,8 -Dipheny l -2-n ie thy l - l ,3 ,5 ,7-oc ta t raene (212f). 
Yellow solid (80%). mp 210°C. IR Vmax 3021, 2936，1446, 1290，1120，997，810’ 752， 
703; l H NMR (500 MHz) 5 7.33 (2 H，d，J = 7.5，ArH), 7.29 - 7.23 (6 H, m, ArH), 7.16 
-7.13 (2 H，m, ArH), 6.81 (1 H, ddd, J = 16.0, 7.5, 3.5，=CH), 6.49 (1 H, s, l -H) , 
6.48 ( 1 H，d，J = 15.5, 8 - H ) , 6 .44 - 6 .35 (4 H，m ) , 2 .00 (3 H , s, M e ) ; l ^ c N M R 5 
138.6，137.9，137.6, 136.1, 133.9，133.0，132.3, 132.1, 129.4, 129.2, 128.8，128.6， 
128.2, 127.4，126.6，126.3, 13.9 (Me); MS (EI) m/z 272 (M+, 100%), 231 (3)，180 (23), 
164 (19)，128 (12), 117 (55), 91 (17)，77 (8); HRMS Calcd for C21H20 272.1566. Found 
272.1571. UV Xmax nm (log £): 231 (4.9), 287 (3.9)，361 (4.8)，381 (4.9)，402 (4.9). 
( lE,3E,5E,7E)- l -Phenyl -8- t r imethyIs i Iy l - l ,3 ,5,7-octatet raene (212g) 
Liquid (87%). IR Vmax 2956, 1682，1455, 1251, 1121, 1014，843, 750, 692; ^H NMR 
(500 MHz) 5 7.40 (2 H，d, J = 7.5’ ArH), 7.32 (2 H, t, J = 7.5，ArH), 7.23 (1 H’ t, J = 
! 7.5, ArH), 6.85 (1 H, dd, J = 15.5, 10.5, =CH), 6.59 (1 H，d，J 二 18.0，10.0, 7-H), 
I “ 
1 6.57 (1 H，d, J = 15.5, l - H ) , 6.44 (1 H , dd，J = 15.5, 11.5’ =CH), 6.41 (1 H , dd，J 二 ,,.,. 
； 15,0，10.5, =CH), 6.34 (1 H, dd, J = 15.0，10.5, =CH)，6.29 (1 H, dd, J = 15.5, 11.5， 
=CH), 5.93 (1 H, d，/= 18,0，8-H), -0.10 (9 H，s, SiMe3); ^^C NMR 5 144.1，137.5， 
^ -
135.8, 135.1, 134.0，133.4’ 133.3’ 132.8. 129.2，128.7，127.5，126.4，-1.28 (SiMe3); 
MS (EI) m/z 254 (M+, 19%), 180 (6), 165 (4)，135 (5), 115 (5)，105 (3), 73 (100), 59 
(23); UV Xmax nm (log £): 250 (4.4)，329 (4.7), Anal. Calcd for C17H22Si: C，80.25; H， 
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Spectra 1. lH and l3c NMR spectra of 4,5,6-tridecatriene 35a 
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Spectra 2. lR and 13c NMR spectra of 2,2-dimethyl-3,4,5-nonatriene 35b 
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Spectra 3. !H and l3c NMR spectra of 1 -phenyl-1,2,3-heptatriene 35c 
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Spectra 6. l H and ^^C NMR spectra of 5-methyl-1 -phenyl-1,2,3-hexatriene 35f 
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Spectra 7. lR and l3c NMR spectra of 5,5-dimethyl-1 -phenyl-1,2,3-hexatriene 35g 
^ ^ ^ i f | . , ] i 1 
d = " 
f 
JV1. . |{l[Jv[ 
^ J 
W _ _ _ L J L J . ： Q j ^ t 
?5 ^ — U1 _ 
s s ;e fc 5^  
s ”. ^ ° 2¾ 
一 ‘ ‘ • • 
i I • ''•'• I • ‘ ‘‘ ‘ ‘ I ~ ^ ” ^ — • 丨 I ~ • 11 I u ^ — — 
9 - 0 8 . 0 7 . 0 6 . 0 5 . 0 a . 0 3 . 0 2 . 0 1 . 0 0 0 
PPM o| (o| M ui|tNij _MH HN “ ^ 〜 o^j (o|H ^^^N »n — 0 rsjo iD ui _ rs ① co «i u^  o|unj co m ®|r\. J 二 (0 k^  rv|fN' <D ® rv. <v cu cD co rs rJud m ui ai a) ‘ 
Q_ CD ui V> »0卜 fs4 rg rsi rw rsi o|o rs rsrvJ fO rot �� 
— M> . * * * ^ 一 一 — 一 一 一 — — 1 / \ \ / / / 、|Z / / 
I 
l » _ _ M 丨|-丨,1——_丨- 1 _一1 , " , 1 | _ 1 , 1 1 | » 丨*_丨丨“丨 i i L l U | j i l H I I *h,__Uii I_J.-*I-__,,*,_WII"M"I_J|_|I n4M___l_l m 
fw^^k#rt*wW^^Wtt^w4#**^Ww*)4^#^ 
—I • 1 ‘ I- ‘ I ‘ 1 1 _ -] ' • -I I 




Spectra 8. lH and l3c NMR spectra of 1,4-diphenyl-1,23-butatriene 35h 
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Spectrum 9. ^H NMR spectrum of 4-methyl-1 -phenyl-1,2,3-pentatriene 35i 
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Spectra 10. iR and l3c NMR spectra of (2E,4E,6E)-2,4,6-octatriene 112a 
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Spectra 11. lR and 13c NMR spectra of (3E)-2,5-dimethyl-1,3,5-hexatriene 112b 
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Spectra 13. lR and l^C NMR spectra of (lE,3E)-1 -phenyl-1,3,5-hexatriene 112d 
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Spectra 14. lR and l3c NMR spectra of 
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Spectra 15. !H and l3c NMR spectra of 
(l£，3£>5-methyM-phenyl-l，3，5-hexatriene 1 1 2 f 
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Spectra 16. lR and ^¾ NMR spectra of 
(lE,3^")-6-methyl-l-phenyl-1,3,5-heptatriene 112g 
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Spectra 36. lR and 13c NMR spectra of (£)-1,6-diphenylhex-3-ene-1,5-diyne 164g 
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Spectra 31. lR and ^ ½ NMR spectra of (Z)-1 -phenylundec-3-ene-1,5-diyne 164d 
(l£,3£,5Z)-l,6-diphenyl-l,3,5-hexatriene 112i 
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Spectra 36. lR and 13c NMR spectra of (£)-1,6-diphenylhex-3-ene-1,5-diyne 164g 
(lZ,3E ,5Z)-1,6-diphenyl-1,3,5-hexatriene 112j 
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i Spectra 20. ^H and l3c NMR spectra of 
I 
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Spectra 21. ^H and l3c NMR spectra of 
(lZ,3E,5E)-l-phenyl-6-trimethylsilyl-l,3,5-hexatriene 1121 
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Spectra 22. !H and 13c NMR spectra of (3£,5£)-l,3,5-undecatriene 122 
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Spectra 23. ^H and ^^C NMR spectra of (3E,5Z)-l,3,5-undecatriene 123 
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Spectra 24. ^H and l3c NMR spectra of (E)-undec-3-ene-1,5-diyne 164a 
. _ • _ _ • _ . _ , 酵 _ 輔 纖 變 _ 編 
^ ^^^^譯 ^ ^ ^ ^ ^ j ^ i p . 
_ ^ v A J u y 
/ x / v ^ ^ 
~1 1 1 1 r- f 广 
6 . 2 6 . 1 6 . 0 S . 9 5 . 8 「 , 
/ / f J “ j 
丨 1  I 1 j j 
I M Jl n v j i ,—— 
� J � L yu j 
S ° si] S g 5 fe S 
s ^ s . ° - - ^ ° 
^ 二 — ^ 〜 〜 ^ ^ 
• • g , 0 . • 8 : 0 7 . ' o • 6 0 • 5 . ' o 4 : 0 3 : 0 2 : 0 � • 。 ^^ "^^^V"^"^“ ‘ 
‘ PPM 
d d ^ ^m^ 明 ^ » 
3C ‘ ' ^ rsiloKotrJrs3<D Jeo> 〜o> *o ^ JJ Z m a3KDpJrvjnJrs. ” < ^ <^H — 
I r^ 
I 
I iliA LLjJ 
. 丨 丨 1 i 100 160 M0 120 100 80 50 40 20 0 PPM 
151 
I 
Spectra 25. ^H and ^ ½ NMR spectra of (Z)-undec-3-ene-1,5-diyne 164a 
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Spectra 26. ^H and ^ ¾ NMR spectra of (E)-7,7-dimethyloct-3-ene-1,5-diyne 164b 
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Spectrum 27. ^H NMR spectrum of (Z)-7,7-dimethyloct-3-ene-1,5-diyne 164b 
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Spectra 28. lH and 1 ½ NMR spectra of {E)-1 -phenylhex-3-ene-1,5-diyne 164c 
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Spectra 29. ^H and ^^C NMR spectra of (Z)-1 -phenylhex-3-ene-1,5-diyne 164c 
sfc?|— s|mt^  M al S m ^SH?? f^ S|^ H^ ^ ^  ^  “ ^  ^  ®!^  01 5ls^ ^ S 
t HC3ia OlODjO3 CD fN rs C^  U1|U1,^H>»0»<N； fNJ ^OU1 KO ^|G <o rv K>(r^  rs ^ ^ r r ^ m 0. inju^ui^-l^ ^ ^ *• ^  ^ |^rONT|WT|»O]wlJK »^r*W1J^ ^^ ^®®J0D|aM <M ^ r ^ ^ . 
^ pJrOrv rJrs rs rv r\. r^  rN r^"|fN!|r^rv rJrv 卜 rs rv co (fi tfl ta un ui u^ ui u^  ^ ^ ^ 叫 — 




I j j • • 
丨 1 I 
~1 1 1 1 r 
6.2 6.1 6.0 5 . 9 5 . e Uu L I 」• — ‘ — . 
u 
5 rs u^  0 — 二 5 cn — ^ ^ 口 S 0 二 o 0 ° 
5 fsi >o — 一 一 
^__^~g : 0 ‘ 8:0 7:0 ‘ 6.0 . 5.'o q.0 S.V 2.'o ~ H 0 ~ o ' o 
P P M 
wM-^M^ksl <N … i/%lol^loloien 
03lfN|fO|OW>| <N iTi irMOM<ourjio^ 
r> • -i .1 ,i .< . • “ 丨 *^  • 
Q_ i^coi09tr>4i^ l cD rs toi^ otrslfv u9 o_ *o,PMiCM fMtfNj -^ 0¾ 03imi <Djr^  r<Jrs. nl lHv 
.LJ 
y»^rfy.H/»rf^*yiM»»i.<biM<^ '^^ '^*i^>H*v^Yyi*' ,M>i^w/^*«l>^J*Mw^-ti__y"»—*^»^_y^T^ ‘^*^'J—"VMVV*V>_^'|+^i»>*^|_,»^ *^>‘(~<*»^ *^**>*^lV<^,>»__ 
I I 丨 丨 I • ^ I I """^ "‘ ‘"""* ‘^"""^"^"^“^“^"^“ I""""^^ 




Spectra 36. lR and 13c NMR spectra of (£)-1,6-diphenylhex-3-ene-1,5-diyne 164g 
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Spectra 31. lR and ^ ½ NMR spectra of (Z)-1 -phenylundec-3-ene-1,5-diyne 164d 
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Spectra 32. ^H and ^^c NMR spectra of 
： (E)-1,7-dimethyl-1 -phenyloct-3-ene-1,5-diyne 164e 
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Spectra 33. l H and l3c NMR spectra of 
(Z)-7,7-dimethyl-l-phenyloct-3-ene-l,5-diyne 164e 
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Spectra 34. ^H and l3c NMR spectra of (£>hexdec-8-ene-6，10-diyne 164f 
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Spectra 34. ^H and l3c NMR spectra of (£>hexdec-8-ene-6，10-diyne 164f 
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Spectra 36. lR and 13c NMR spectra of (£)-1,6-diphenylhex-3-ene-1,5-diyne 164g 
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Spectrum 37. lR NMR spectrum of (Z)-1,6-diphenylhex-3-ene-1,5-diyne 164g 
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Spectra 38. ^H and ^ ¾ NMR spectra of 
(l£，3£，5E)-7-methyl-1 -phenyl-1,3,5,7-octatetraene 212a 
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Spectra 39. !H and ^^C NMR spectra of 
(lE,3E,5E)-2J-dimethyl-l-phenyl-l,3,5,7-octatetraene 212b 
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Spectra 40. l H and 13c NMR spectra 
of (lE,3E,5E,7iE:)-2'methyl-l-phenyl-l,3,5,7-nonatetraene 212c 
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Spectra 41. lH and l3c NMR spectra of 
(l£',3£',5£')-2,8-dimethyl-l-phenyl-l,3,5,7-nonatetraene 212d 
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Spectra 36. lR and 13c NMR spectra of (£)-1,6-diphenylhex-3-ene-1,5-diyne 164g 
(lE,3E,5E,lE)-1,8-diphenyl-1,3,5,7-octatetraene 212e 
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Spectra 36. lR and 13c NMR spectra of (£)-1,6-diphenylhex-3-ene-1,5-diyne 164g 
(lE,3E,5E,7f)-l,8-diphenyl-2-methyl-l,3,5,7-octatetraene212f 
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Spectra 36. lR and 13c NMR spectra of (£)-1,6-diphenylhex-3-ene-1,5-diyne 164g 
{lE,3E,5E,lE)-1 -phenyl-8-trimethylsilyl-1,3,5,7-octatetraene 212g 
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